


ANNALS 


OF 
The Entomological Society of America 
Volume XL JUNE, 1947 No. 2 


CLARENCE HAMILTON KENNEDY 


With the completion of Volume XXXVII of the ANNALS in 1944 
Dr. C. H. Kennedy resigned from the managing editorship after almost 
a quarter of a century of service, beginning with his assistance to Dr. 
Herbert Osborn in 1920 and culminating with 16 years in full charge of 
the journal. During that period his devotion to the duties of the office 
and his artistic approach to the problems of publication raised the 
ANNALS to an unquestioned place among the leading entomological 
publications of the world. It is doubtful that the Society, in the increas- 
ing tempo of modern life, will ever again find such a willing and able 
servant for so long a period. Since that period lay chiefly between the 
two great wars when the cost of publication was comparatively low and 
progress in entomology was great, the volumes of the ANNALS will stand 
as a principal monument to his achievement, but he deserves in addition 
the whole-hearted appreciation of all members of the Society. 


Like so many scientists, Dr. Kennedy found his interest in science 
spontaneously during his boyhood in Indiana. There he became 
curious about living animals, although he narrowly escaped transplanta- 
tion into Archaeology when he wrote a thesis on the Indian mounds of 
the region during his high school years. That danger was averted when 
he came under the influence of Carl H. Eigenmann at Indiana Univer- 
sity where he worked on fishes until the completion of his undergraduate 
study for the degree Bachelor of Arts in 1902 and graduate study for 
the degree Master of Arts in 1903. 


He was offered an instructorship at Leland Stanford, Jr., University 
for further work in Ichthyology with David Starr Jordan, but was 
forced to decline by a break in health. Thus do the accidents of life 
determine our destiny, for otherwise the world would have lost a great 
entomologist. Dr. Kennedy did, nevertheless, carry on his work on 
fishes for a time with the United States Bureau of Fisheries in Wash- 
ington, but continued poor health deprived him of professional scien- 
tific connections for a period of ten years. Some of that time was spent 
on a ranch in the northwest where his scientific interest found expression 
in articles on birds and in field work which laid the foundation for his 
later report on the dragonflies of Oregon and Washington. 
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In 1914 he returned to Stanford to find that his assistance was no 
longer wanted in Ichthyology. As a result he began his work in Ento- 
mology under Vernon Kellogg. He received the degree M. A. from 
Stanford in 1915 and transferred to Cornell University for the remainder 
of his graduate work. There he made the dragonflies his major interest. 
With the broad vision that has continued to mark his scientific studies 
he saw the weakness of the classification of the Zygoptera and set out to 
study the extensive and widely scattered material on which a thorough 
revision must be based. After examining collections in many institu- 
tions and making drawings of the genitalia of all available species he 
found characters in these structures which led him to revise completely 
the classification then in use and to reverse the accepted ideas of the 
trend of evolution in this group. The soundness of his work was later 
demonstrated by Tillyard’s discovery of the most primitive known 
species, from the Permian deposits of Kansas. This insect was fittingly 
named Kennedyia mirabilis, the type species and genus of the family 
Kennedyidae. In 1919 he was granted the doctorate in philosophy at 
Cornell. After a year at Raleigh, North Carolina, he was brought to 
the Ohio State University to take charge of the courses in entomology 
which were not economic in emphasis. He has remained in the Depart- 
ment of Zoology and Entomology at that institution ever since, 
attaining the rank of professor. 


Soon after taking up his work in Ohio he began to help Dr. Herbert 
Osborn with the editing of the ANNALS and was made assistant man- 
aging editor, a post which he held until 1929, when he succeeded Dr. 
Osborn in the editorship. His knowledge of scientific drawing and his 
keen understanding of the entire field of entomology enabled him to 
maintain the high standards of content to which the journal owes its 
eminence. In addition to purely editorial work, he was deeply interested 
in the publication of notices of outstanding publications in entomology 
and in more broadly biological subjects, contributing more than 440 
ranging from brief notes to full reviews, in addition to selecting items 
to be reviewed by others. Although the subject of book notices in the 
Annals has always been controversial, Dr. Kennedy’s sound evaluation 
of the publications that he reviewed was appreciated more widely than 
many of our members realize. During his editorship he published 
with the collaboration of Dr. Birely J. Landis, then assistant editor, 
an article on the preparation of manuscripts for the Annals which 
resulted in a marked improvement of contributions submitted for 
publication. This article has also attracted the attention of editors 
elsewhere as an excellent guide for scientific publication. 

During his incumbency at the Ohio State University Dr. Kennedy 
taught seventeen summers at the Franz Theodore Stone Laboratory 
on Lake Erie. There he devoted ten summers to collecting Hymen- 
optera, developing new methods of collecting sawflies and the use of 
sugar trap lines. With this work his interest finally centered on ants, 
which he has since continued to study intensively. He has accumulated 
eight volumes of field notes and 7,000 vials of preserved speicmens— 
an attainment of which one might be proud if it were a major project 
instead of a secondary interest. With the study of ants, however, he 
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has constantly increased his collection of Odonata until, in the Andean 
fauna, it is one of the largest in existence. 


His professional accomplishments are attested by a bibliography 
of more than one hundred titles, chiefly on the Odonata, and by mem- 
bership in numerous scientific organizations, among them the Society 
of Naturalists, the Entomological Society of London and the Société 
Entomologique de France. He was president of the Entomological 
Society of America in 1935. 

Taxonomic studies are fascinating—at least to the taxonomist— 
and they have greater significance in biology than many scientists 
realize, but it was inevitable that Dr. Kennedy’s inquiring mind should 
lead him into other problems. Fundamental principles of insect 
biology were among those problems. His analysis of the family and its 
place in the evolution of social relationships is one of his most brilliant 
contributions. The essay, ‘Some fundamental aspects of insect 
parasitism”, (V? Congr. Internat. Ent., Paris) on parasitism asa variable 
which begins with obligateness to one food, either plant or animal, 
which is a food continuous in space, on to its high easily recognized 
forms is receiving more recognition in philosophical biology. Probably 
the most widely used of his general essays is that on the exoskeleton 
as limiting insect evolution (Jour. Morph., 1922). Another of equally 
broad interest is ‘“Evolutionary level in relation to geographic, seasonal 
and diurnal distribution of insects ” (Ecology, 1928). This interest 
led to an invitation to address Cambridge Entomological Club in 
December, 1946, on the comparison of termite and ant societies, which 
he interprets as based on child labor versus adult labor respectively. 
His recent honors have also included an invitation to contribute the 
general article on Odonata to the new Encyclopedia Brittanica. 

The enumeration of a man’s accomplishments on the printed page 
may be an adequate index to his place in the scientific world, but they 
are far less satisfactory as a measure of the man. In private life Dr. 
Kennedy has enjoyed the companionship of a charming and capable 
wife, neé Lydia June Findley, whom he married in 1927. Mrs. Kennedy 
is also a member of the faculty of the Ohio State University in the 
important position of Associate Professor of Home Economics and 
Director of Dining Halls. They have two children, Bruce Albert 
Hamilton and Mary Janet. And in addition to his family he has a 
large number of friends who, even though they may not be concerned 
with his scientific contributions specifically, will remember him always 
for his broad comprehension, his keenly analytical insight, his sound 
logic, and for the bluntness, the frankness, the pungency, and the 
generous friendliness which characterize the man behind the scientist. 


A. W. L. 














THE DEVELOPMENT OF THE GONADS OF THE 
WOOD-EATING BEETLE, PASSALUS 
CORNUTUS FABRICIUS 


JAMES B. KRAUSE, 
Harrisburg, Pa. 


The wood-eating beetle, Passalus cornutus, is a rather common insect 
throughout the southern states, where it can be found in old, rotting 
hardwood logs and stumps. The adult beetles can be collected during 
the whole year, while in the late spring and the summer months the 
immature forms are quite plentiful and rather easy to obtain. 

Passalus, in all stadia, is a comparatively large insect. For example, 
the adults range in length from 27 to 37 mm., and the eggs, when ready 
to hatch, average 3.2 to 3.8mm. This large size of the eggs is of par- 
ticular interest from an embryological point of view. Furthermore, the 
developmental stages are of such length as to favor embryological 
investigations, for the whole cycle from egg to adult is completed in 
one season—from spring to fall. This fact allows for more convenient 
and accurate developmental studies than if the course were exceedingly 
rapid, or extended over several seasons, as is the case in some insects. 
The duration of the embryonic stadium in the egg is about 16 days; the 
larval periods occupy from 54 to 60 days; the prepupal stage usually 
lasts 5 days; and the pupal stadium, 12 days. 

Unfortunately, it is extremely difficult to obtain satisfactory serial 
sections of the eggs, which are almost absolute prerequisites to any 
embryological study. The yolk is made up of numerous globules of 
various sizes, and have little or no material to hold them together. The 
processes of fixation and embedding render these globules so brittle and 
incohesive that when sections are cut nearly all of the yolk material 
crumbles and the embryo falls out of the ribbon. Also, difficulties are 
encountered in sectioning the larval stages, especially the later ones 
where much wood is present in the gut, for the gut-contents crumble 
and tear out of the block, and ruin the sections. 

Although many investigations have been carried out on the different 
embryological phases of numerous insects, relatively few workers have 
traced many structures of the holometabola through all the immature 
stadia to the imago. In view of the fact that all the various stages of 
Passalus were obtainable in a single season, and since some of the 
characteristics of this particular insect appeared so conducive to 
developmental studies, it seemed desirable that one organ, or system 
of organs, should be traced from its earliest embryonic appearance to 
the definitive condition in the adult through all intermediate stages. 
Because the information at hand concerning the development of the 
sex glands, in insects generally, is somewhat fragmentary and incom- 
plete, the development of the gonads of Passalus seemed to be a pertinent 
topic for investigation. 

Inasmuch as an intimate knowledge of the structure of the adult 
gonads is essential to an understanding of the development of these 
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organs, the general morphology of the adult male and female gonads 
has been previously considered (Krause, 1946). 


MATERIALS AND METHODS 


Collecting: The horned passalus lives in old, rotting hard-wood 
logs, where it can be found in tunnels usually close to the bark in the less 
decayed logs, but a little deeper in softer and dryer ones. Both parents 
and offspring inhabit the same set of tunnels, and during the breeding 
season the adult male and female invariably remain close together. 
Eggs are usually laid in a single group in a small side tunnel. As the 
female lays only a few eggs a day, eggs of various ages can be found in 
any particular group. When the eggs hatch into larvae, the young 
beetles wander around in the tunnels, and eat the frass their parents 
have prepared for them. During the prepupal stage they become 
quiescent, and the parents enclose them in frass cases where pupation 
subsequently occurs. 

After the adult beetles were collected in the woods, they were 
brought into the laboratory and placed in individual finger-bowls with a 
little frass and damp wood. Each day the bowls were examined so that 
when eggs were found, they were known to be less than one day old. 
In some cases, known egg-layers were examined hourly in order to 
obtain eggs in very early stages of development. The beetles kept in 
the laboratory did not lay many eggs—never more than six, and usually 
less. After three or four days they ceased laying, and were then 
returned to the woods. 

All eggs collected were incubated as close to 28° C. as possible, but 
considerable variation in temperature did occur. Moisture content 
was maintained by dampening the frass with tap water. Eggs of 
unknown ages collected in the woods were allowed to hatch in the 
laboratory, and in this way first instar larvae of known age were obtained. 

The larvae collected in the woods were all placed in large bowls— 
each bowl containing only larvae of the same stage—and when they 
molted they were separated into individual bowls. As they were 
examined twice daily, their ages were known to within twelve hours. 
The instars were very easy to distinguish by the width of the head, in 
accordance with Dyar’s Law. First instar larvae measure, on the 
average, between 8.3 mms. and 19.6 mms. with a head width of 2.0 mms. 
to 2.6 mms.; second instar larvae from 18.5 mms. to 31.8 mms. in length, 
and 3.0 mms. to 3.7 mms. in head-width; third instar larvae from 
26.3 mms. to 43.0 mms. in length and 4.5 mms. in length and 4.5 mms. 
to 5.7 mms. in head-width. The whiteness of the integument, especially 
of the head and mouthparts, readily identified a newly-molted larva. 

Prepupae and pupae were obtained in the same manner as the larvae. 
The prepupae were exceedingly difficult to distinguish, because the 
transition from the third instar to the prepupal stage is rather gradual. 
But, once the prepupal stage was reached, they could easily be identified 
by the whiteness and softness of the integument. The pupae, of course, 
were easily recognized. Young pupae were creamy white in color, 
whereas older ones took on a pinkish tinge. . 

A difficulty arose in obtaining an adequate supply of prepupae and 
pupae, because of the ravages of a dipterous parasite, Zelia vertebrata, 
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which produces a high mortality in these stages. No infected Passalus 
reaches maturity, for when the parasite has completed its own ‘larval 
growth the maggot emerges through the body wall of the host, causing 
the death of the latter. Because Passalus may be in the late larval, 
prepupal, or pupal stage when the maggot emerges, the supply of these 
stages is greatly diminished. 

Fixation and Preservation: Most eggs and embryos were fixed in 
alcoholic Bouin’s fluid for two days. After the first day of fixation a 
slight puncture was made through the chorion with a fine needle to 
facilitate penetration. In some cases the chorion was removed, and in 
others it was left attached. Removal of the chorion offers certain 
technical advantages, but it is a tedious process and often results in 
damage to the delicate embryo. The eggs were washed and stored in 
85% alcohol. Although in several instances eggs were fixed in Carnoy- 
Lebrun’s solution, the former method of fixation was used almost 
exclusively, as the technique for sectioning eggs had not been perfected 
and many specimens were lost. It seemed preferable to use one good 
standard fixative rather than to experiment with various preservatives, 
because of the limited supply of certain stages, notably eggs and pre- 
pupae of known ages. Larval, prepupal and pupal stages were all 
immersed in alcoholic Bouin’s fixative. After a short time the portion 
anterior to the second thoracic segment was cut off, and in the larger 
ones the integument was also nicked to increase penetration of the 
fluid. They were then washed, after two days of fixation, and stored 
in 85% alcohol. 

Embedding and Sectioning: After fixation the specimens were 
dehydrated through 95% and absolute alcohol. They were infiltrated 
and imbedded in celloidin, cleared in toluene, re-infiltrated and imbedded 
in paraffin, then sectioned at 4 to 12 microns. Prepupae and pupae 
were not doubly imbedded, but could be cut satisfactorily when 
imbedded in paraffin alone. 

Staining. The slides were stained in either Delafield’s or Harris’ 
dilute hematoxylin, and destained with picric acid solution or acidulated 
water until differentiated. Counterstaining was accomplished by 
using eosinol (eosin in carbol-xylol), or Orange G in clove oil or 95% 
alcohol. 

The technical methods employed involve several important points 
which warrant special consideration and emphasis. The use of double 
embedding routine in celloidin and paraffin is one way to avoid 
crumbling when early egg and late larval stages are sectioned. 

The process of infiltrating with celloidin is, in itself, a long and 
tedious process, but the time required can be greatly shortened by using 
the so-called ‘‘hot-celloidin” method where the celloidin infiltrates 
under pressure. But instead of the corks of the vials being wired to 
prevent them from blowing out, several small vials were placed in a 
screw-top jar. When the lid of the latter was screwed on, it pressed 
firmly against the corks of the specimen vials. With this arrangement 
the jar and vials could be placed in the warm paraffin oven with no 
danger of the corks flying out. Of course, when the reagents were 
changed it was necessary to allow the jar and vials to cool slowly, so 
that the pressure inside the vials was reduced to normal. 
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Another important fact is notable in the staining technique. In 
order to prevent the celloidin-paraffin sections from falling off the slide 
during hydration and the staining procedures, it is almost a necessity 
that the slides be dipped in 1% celloidin after deceration, so that a thin 
protective celloidin film is acquired. Likewise, this precaution must be 
taken in staining pupal and prepupal stages, even though they are 
paraffin sections. The celloidin film prevents the histolyzed material, 
so abundant at these stages, from tending to flake off during staining 
and washing. However, when this celloidin film is applied, the use of 
such stains as crystal violet, Mallory’s connective tissue stain, and the 
anilin dyes is naturally precluded, because the celloidin itself takes up 
these stains so readily. 


ORIGIN OF THE GERM GLANDS IN THE COLEOPTERA 


For a group as large as the Coleoptera there has been comparatively 
little work done on the development of the gonads. Because the 
history of these structures does seem to vary somewhat in the different 
genera studied, it is essential to examine the literature on the beetles 
very closely. Where principles are involved it is also necessary to 
consider briefly what has been found in other orders, and to use this 
information as a background for observations and interpretations in a 
study of the Coleoptera. 

Although the time of origin of the germ glands differs considerably 
in the various orders and families of insects, the primitive germ cells 
typically arise quite early in development as a group of cells at the 
posterior pole of the egg. With the formation of the amnion they 
migrate through the blastoderm, and lie between the primary epithelium 
and the yolk. Later, resuming their migration forward, they pass 
anteriorly while the proctodaeum and coelomic sacs are formed and are 
situated between the yolk and endoderm. After dividing into two 
masses at about the ninth and tenth abdominal segments, one mass 
migrates to the right, the other, to the left into the mesoderm. With 
the appearance of the coelomic cavities, the germ cells move still farther 
forward, penetrate the genital ridge, multiply, and form a group of cells 
surrounded by the tissue of the genital ridge. This aggregation of cells 
is considered to be the gonad anlage. 

In some insects these primitive germ cells can easily be distinguished 
from somatic tissue-forming cells. In others, however, the germ cells 
cannot be recognized as such until comparatively late in development. 
It is possible, moreover, that the late differentiating germ cells do have a 
previous history similar to that of the early segregating primitive germ 
cells, but because of their resemblance to somatic cells, this cannot be 
demonstrated. 

Suckow (1828) believed the gonads in insects arose by budding from 
the gut at an early embryonic stage as an outgrowth from the hind 
intestine. 

Through the work of Robin (1862) on Chironomus, Weismann (1863) 
on Musca, Metschnikow (1865) on Cecidomyia, and Leuckart (1865) on 
Miastor, it was shown that a group of ‘‘pole cells” arose at the posterior 
end of the egg with the formation of the blastoderm. Balbiani (1866, 
1885), studying aphids and Chironomus, followed the later history of 
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these pole cells. He showed they were derivatives of the cleavage 
nuclei, and subsequently developed into the sex gland anlage, thus 
having the significance of primitive germ cells. 

Ritter (1890) described in Chironomus, and Noack (1901) in Calliphora, 
a dark granulated layer at the posterior end of the egg. The latter 
author declared this structure was intimately concerned with the 
development of the pole cells. 

Hegner (1909) described this disc-shaped mass as consisting of darkly 
staining granules. These granules were of large size, and stained 
readily with hematoxylin, thionin, and gentian violet, giving as deep a 
color as that of the chromatin. When stained with Orange G they 
were more intensely colored than the surrounding cytoplasm, and 
nearly as dark as the yolk globules. 

Working on chrysomelid beetles, Hegner concluded that the cleavage 
nuclei were all potentially alike, and that the cytoplasm controlled the 
differentiation into nuclei of blastoderm cells, primordial germ cells, and 
vitellophages. He could not definitely determine the genesis of the 
pole-disc, but it appeared just before the oocyte reached full size in the 
ovariole. 

In a series of experiments which involved the destruction of the pole- 
disc area and subsequent development of the egg, Hegner (1908 to 
1911) concluded that the pole disc granules are engulfed by the pole 
cells and actually do ‘‘determine” the germ cells. 

More recently other authors have found an early segregation of 
germ cells. Huettner (1923), however, claimed that in Drosophila the 
pole-disc was of no significance in germ cell determination. Gambrell 
(1933) in Simulium, Auten (1934) in Phormia, Lassmann (1936) in 
Malophagus, DuBois (1932) in Sciara, Henschen (1928) in Habrobracon, 
and Gatenby (1918) in Trichogramma, all found that the germ cells 
segregated from the somatic cells at an early stage of development. 

In addition to the work of Hegner on Calligrapha and Leptinotarsa, 
several other investigations have been carried out on Coleoptera con- 
cerning the early segregation of germ cells. Butt (1936) working on 
Brachyrhinus, Paterson (1936) on Corynodes, and Inkmann (1933), 
Wray (1937), and Tiegs and Murray (1938) on Calandra, found a 
typical early differentiation of germ cells. However, in the last men- 
tioned genus (Calandra) the workers found no indication of the pole-disc 
or germ cell determining area at the posterior part or the egg. Brauer 
(1925) found that pole cells were formed at the posterior end of the egg 
in Bruchus, but the later history of these was not followed. 

Although Hirschler (1909) is considered by others to have stated 
that the germ cells in Donacia arise later in development but before 
segmentation, as I understand him, he claims that by following the 
wandering of the germ cells up to the seventh abdominal segment, he 
could possibly show an early segregation of germ cells. 

Will (1888) working on aphids, Woodworth (1889) on Euvanessa 
(Lepidoptera), Heymons (1890-1891) on Blatta, (1897) on Lepisma, 
Shinji (1919) on the coccid Lecaniodiaspus, all found the origin of the 
germ cells from the mesoderm at the gastrulation stage, but before 
segmentation had occurred. 

Sehl (1931) in Ephestia, Nelsen (1934) in Melanoplus differentialis, 
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Mellanby (1936) in Rhodnius, Schwangert (1905) in Endromis (Lepi- 
doptera), and Lautenschlager (1932) in Solenobia (Psychidae) found a 
similar differentiation of germ cells at the posterior end of the germ band. 

Hodson (1934) found, among the Coleoptera, that Tribolium pro- 
liferated a mass of cells at the posterior extremity of the germ-band, 
and this mass ultimately produced the various constituents of the 
caudal plate. At first all the cells were alike in possessing large nuclei 
with scattered chromatin granules. Later, as the mass of cells moved 
dorsally, differences could be noted in the structure of the nuclei. 
Those which composed the ectoderm became slightly oval, and were 
restricted to the ventral margin of the mass; those that composed the 
mesoderm became smaller, and were characterized further by their 
densely packed chromatin granules, while others retained their original 
appearance, and were recognized eventually as the definitive germ cells. 
During this process of differentiation, the germ cells became crowded 
into the inner central portion of the developing caudal plate. 

Investigators have found that in many insects the germ cells arise 
from the wall of the coelomic sacs after segmentation has taken place. 
Ayers (1883) in Oecanthus, Claypole (1898) in the thysanuran Anurida 
maritima, Wheeler (1889, 1893) in Xiphidium, Graber (1891) in Chalici- 
doma, and Seidel (1924) in the bug Pyrrhocoris—all observed that the 
gonads arose with the first occurrence of the mesodermal sacs. 

Wheeler (1889, 1893) believed that in Leptinotarsa the germ glands 
originated as two elongate thickenings of splanchnic mesoderm, one on 
each side, projecting into the body cavity. Later they rounded up and 
were attached by only a thin strand of splanchnic mesoderm. There 
were several cells of an embryo which might have been comparable to 
the pole cells but the genesis and later history of these cells was not 
followed. Hegner (1908) showed that the pole cells in Leptinotarsa 
were actually the early segregated germ cells. 

Heider (1889), in studying Hydrophilus, recorded that the germ 
glands originated from the inner wall of the primitive abdominal 
segments, one on each side of the body, arising as solid out-growths from 
that part of the wall of the somites which lay between the place of 
origin of the fat-body-band and the splanchnic layer of mesoderm. 
Graber (1891) also studying Hydrophilus, found the same type of origin 
of germ cells as Heider did. 

Saling (1907), in studying Tenebrio, was unable to find germ cells at 
the blastoderm stage (in contrast to the Chrysomelidae). At the time 
of amnion up-folding, an invagination of the ectodermal part of a group 
of cells appeared which was probably the germ cell mass. He was not 
certain of it, for in this early stage of development it was apparently 
exceedingly difficult to distinguish them. The main criteria for the 
germ cells in later stages, such as the characteristic nuclear structure, 
and the arrangement of chromatin in the nucleus, were not clear in the 
early stages. 

By the forward-pressing of the segmentally arranged mesoderm 
masses, the still unpaired genital anlage was pushed forward, and it 
arrived, with the formation of the primitive cavities, at the boundary 
of the sixth and seventh abdominal segments. By a division in a lateral 
direction, it became paired, and connected with the coelomic sacs of 
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the seventh abdominal segment formed in between. For the..first 
time the genital anlage could definitely be recognized as such. 


DEVELOPMENT OF THE GONADS IN THE COLEOPTERA 


While the origin of the germ cells varies greatly in the different 
orders and genera of insects, the actual formation of the sex glands is 
much more similar, fundamentally, throughout the whole group. For 
this reason, only the beetles will be considered in the survey of gonad 
formation. 

In such a type as Calandra granaria, in which the germ cells are set 
aside at a very early stage in blastoderm formation, Inkmann (1933) 
found that these cells multiplied at the posterior pole of the egg, forming 
a somewhat bulged-out mass. At this stage the mass was clearly 
visible because of its increase in size. While the germ-band lengthened, 
the genital cells remained as a single round mass, but became paired 
when they were enclosed and rolled under the proctodaeum as it tucked 
under the tail portion of the embryo. 

With the continued overgrowth and elongation of the germ-band, 
the germ cells were carried toward the anterior pole of the egg where 
they formed a conspicuous clump of rather pale cells just below the 
surface.—Tiegs and Murray (1938). From this position at the hinder 
end of the germ-band they moved forward again, into the developing 
abdomen, as the proctodaeum elongated. By the second day of develop- 
ment, the mass had moved almost to the eighth segment. At about this 
time the germ cells came into close contact with the adjacent coelomic 
sacs, and the masses divided into left and right halves. The lower 
parts of the splanchnic walls of the more posterior abdominal coelomic 
sacs were composed of quite small, scattered cells lacking any regular 
epithelial alignment. It was from these that the enveloping sheath of 
the gonad arose. As the germ cells came into contact with the coelomic 
sacs, the latter became indented by them, and the coelomic cavities were 
thereby obliterated. 

The investing sheath acquired by the germ cells was composed, at 
first, only of scattered cells, but later it became consolidated into a 
continuous membrane. This penetration of sex cells into the coelomic 
sacs of Calandra occurred in the middle of the third day, just before 
the beginning of the shortening of the embryo. At this time the 
cavities of the sacs had become confluent, and the differentiation of the 
walls was beginning. From the ninth, eighth, and seventh sacs, where 
penetration occurred, they migrated forward as a compact cord of cells 
three to four segments in length until they reached the third abdominal 
segment—at the end of the third day. When the gonads reached that 
level the fat-body had already become well defined. The gonads were 
spherical masses and lay amid the fat-cells dorsally, being carried up 
by the spread of the body walls. During the fourth embryonic day the 
gonads moved back to about the fourth abdominal segment. 

Wray (1937) found essentially the same history of germ cells for 
Calendra callosa, but records that the gonads extended as elongate 
bodies up to the first abdominal segment and were situated in a dorso- 
lateral position. While the median mesodermal well of the coelomic 
sacs was differentiating, a portion surrounded the genital rudiment, 
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forming a fine filament which connected it with the dorsally situated 
pericardial septum. 

Tiegs and Murray (1938) claimed there was no connection with the 
developing heart, as is typical in orthopteran embryos. 

Tribolium is an example of the type of beetle in which the germ cells 
originate from the mesoderm before segmentation. Hodson (1934) 
records that after segmentation occurred and the proctodaeum had 
become invaginated, the germ cells were found in a large aggregation 
in the region of the sixth and seventh abdominal segments. Soon the 
group became divided into three masses; two remained near the sixth 
and seventh segments, while the other migrated to the fifth. During 
the time the germ cells were moving from the original groups, the 
coelomic sacs began to form, and the neural groove and ganglia could 
be seen. 

After about thirty-two hours of development the masses of germ 
cells had a different appearance. Each had divided into two compact 
clusters and were gradually sinking into the coelomic cavities of seg- 
ments 5, 6, and 7 on both sides of the embryo. Later, the germ cell 
groups were completely surrounded by the walls of the coelomic sacs, 
and began to acquire a delicate mesodermal epithelium. 

The germ glands soon became much shorter and extended from the 
posterior edge of the fifth abdominal segment into the anterior part of 
the seventh. The glands were carried toward the dorsal part of the egg 
with the upward migration of the heart rudiment. Until differentiation 
of the sexes, there were no changes in structure of the gonads, although 
their position was altered in such a manner that they came to lie near 
the mid-dorsal region of the embryo, on either side of the heart. 

In Tenebrio, which has a rather late differentiation of germ cells, 
Saling (1907) summarized the embryonic development of the gonads. 
The young genital anlage broke through the median wall of the seventh 
abdominal segment and connected with the coelom. Through this 
break in the coelomic region the genital anlage acquired its mesodermal 
sheath, with the epithelium having arisen out of the part of the coelomic 
wall which lies directly near the germ gland. The fat-tissue pushed 
itself around the anlage from below. Further, the terminal filament 
plate formed out of the medio-dorsal wall of the reduced coelomic sac. 

The main role in subsequent development was played by the terminal 
filament plate, for it accomplished the fastening of the germ gland 
anlage to the visceral layer. With the growth of the germ-band over 
the yolk, the terminal filament raised up the anlage. Thereby, the 
part of the terminal filament plate next to the visceral layer drew itself 
to the hanging thread, while the section adjacent to the gonad anlage 
transformed into the terminal filament. The attachment of the genital 
anlage persisted through all stages of development, and toward the end 
of the embryonic period the connecting band fused with the pericardial 
septum. 

In Tenebrio, Saling (1907) recorded that sex differentiation began 
shortly before the close of the embryonic period. The testis formed six 
diverticula, whereas the ovary possessed twelve; each of these agreed 
with the number present in the testis and ovary of the imago. 

Tracing the larval history of the gonads in Tenebrio, Saling reported 
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that the ovary and testis anlagen, at the beginning of their post- 
embryonic development, were very similar and could be distinguished 
with certainty only by the number of diverticula formed. During the 
earliest post-embryonic period the gonads on each side of the fat-body 
became surrounded by a very delicate peritoneum. The sickle-shaped 
cells widened through the epithelial division on the wall of the young 
sex gland diverticulum in which the germ cells occurred. In this 
manner, these elongate cells gave rise to the ovariole tubes and testicular 
follicles. The sickle-shaped cells of the ovary anlage pressed together 
at the terminal pole of the ovarial tube, and formed here a rather 
extensive terminal apparatus, which later grew into a typical terminal 
filament. The elongate cells of the testis anlage congregated in the 
germ compartment of the testicular follicle, encompassed the sperma- 
togonia, and played the role of nurse cells. Homologous with the 
terminal filament of the ovary, there arose in the testis a smaller terminal 
apparatus which degenerated during the pupal stage. 

Wieman (1910) described the female gonad development in Lepti- 
notarsa, and stated that at the close of the larval period very simple 
conditions prevailed which permitted the distinction between germ cells 
and epithelial cells, while the nurse cells were not yet differentiated. 
The germ cells had not changed appreciably since their appearance in 
early embryonic stages. 

In the region of the terminal chamber two kinds of cell could be 
made out: the large germ cells with deeply staining cytoplasm and 
nuclei showing an irregular chromatin reticulum, and the small pale 
epithelial cells continuing outward into the terminal thread. The 
ovariole stalk was composed of tall columnar cells, while the peritoneal 
sheath was in the process of formation and was represented by the large 
epithelial cells which were flattened against the sides of the tube. 
Beneath this outer sheath lay the tunion propria bounding the terminal 
thread and chamber. The ovarioles were united by their terminal 
threads coming together on either side into a single bundle which was 
inserted into the dorsal wall of the body cavity. 

Wieman traced the development of the larval male gonad saying 
that each lobe of the testis was of cylindrical form, resembling a single 
ovariole of the ovary. As in the latter, both the epithelial and germ 
cells could readily be identified. In the following stages the increase 
in size took place primarily at right angles to the axis, but not equally 


EXPLANATION OF PLATE I 


Fic. 1. Transverse section through the abdominal region (segments 6 and 7) 
of a 9-day-old embryo showing the first indication of the gonad. ect—ectoderm; 
spl. mes.—splanchnic mesoderm. X 266. Fic. 2. Longitudinal section through 
the gonad anlage of a 10-day-old embryo. spl. mes.—splanchnic mesoderm. 
X 266. Fic. 3. Transverse section through the gonad of an 11-day-old embryo 
showing the division into two parts at the distal end. p. s.—peritoneal sheath 
X 266. Fic. 4. Transverse section through the gonad of a 9-10-day-old embryo. 
p. s.—beginning of peritoneal sheath; sp/. mes.—sphlanchic mesoderm. X 825. 
Fic. 5. Transverse section through the base of the gonad of a late embryo. 
g. c. m.—nucleus of germ cell; p. s.—peritoneal sheath. X 371. Fic. 6. Transverse 
section through one arm of the gonad of a late embryo. g. c. n.—nucleus of germ 
cell; p. s.—peritoneal sheath. X 825. 
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in all directions, for it was inhibited at regular intervals which marked 
the spaces between the radiating follicles. The original apex was rep- 
resented in the adult organ by a cap-like lobe which lay just opposite 
the aperture of the sperm duct. The epithelial investment, at first rather 
loose, in late pupal stages enlarged between the follicles and produced 
the appearance that characterized the adult, in which the follicles 
were separated from each other by a thick layer of epithelial cells. 
Areas of degeneration could be seen in all stages of the testis beginning 
in the larva and extending through the adult. The process commenced 
with the accumulation of epithelial cells in the region representing the 
lumen of the general cavity of the testis continuous with that of the 
sperm duct of the adult. The cells involved fragmented and produced 
irregular masses which stained deeply with basis dyes. This process of 
degeneration was regarded as a method of providing nutrition material 
either for the sperm or germ cells, and these degenerating cells could 
thus be looked upon as nurse cells. 

Hodson (1934) found the first indication of differentiation of the 
male and female sex organs in Tribolium just before the eggs were to 
hatch. The ovoid germ gland presented a rough appearance which was 
brought about by a rearrangement of the mesodermal cells on the inner 
side of the gland. Because the sex of the embryo could not be definitely 
determined at this stage, it was necessary to study the newly hatched 
larvae in order to distinguish male from female. As the rudimentary 
tubules increased in length, their nuclei became more prominent and 
differed from those of the germ cells. They were sickle-shaped and 
seemed to contain a solid mass of chromatin. In the case of the male 
there were six tubules which ultimately composed the testicular follicles, 
whereas the female gonad had eight protuberances which occurred in 
double rows of four on the inner lateral surface of the gland. 

Murray and Tiegs (1935), working on the development of the gonads 
in Calandra, recognized the anlage of the ovary in the smallest larva. 
There were a pair of rounded rudimentary ovaries embedded in the 
fat-body connected by the very delicate stalks to the imaginal discs 
at the base of the ninth segment. During larval life the ovaries enlarged 
and, even in the young larva, became constricted into two pyriform 
bodies. In the early prepupa the development proceeded much more 
rapidly. The stalk lengthened and bent, but it was not until shortly 
before pupation that a lumen developed in it. Histological differ- 


EXPLANATION OF PLATE II 


Fic. 7. Longitudinal section through the arm of the gonad of a late embryo. 
dg. c.—degenerated cell; dg. n.—degenerating nucleus; kn—knob of cells at tip; 
p. s.—peritoneal sheath. X 825. Fic. 8. Diagram showing approximate shape 
of gonad anlage at various stages. A—first appearance (9 days); B—10 days. 
Fic. 9. Diagram showing approximate shape of gonad at: A—about 11 days; 
B—late embryonic stage. Fic. 10. Diagram showing approximate shape of 
gonad at: A—Early first instar larva; B—second instar larva. Fic. ll. Trans- 
verse section through part of the ovariole of a prepupa showing formation of the 
tunica propria. o. c.—cell of ovariole; ¢. p.—tunica propria. X 825. Fics. 
12-15. Sections showing elongation of distal tip of ovariole in prepupal stage. 
kn—knob. X 88. 

Norte: Figures 8, 9, and 10 are not drawn to scale. 
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entiation in the ovary occurred in the early larva. At the attachment 
of the ovary to its stalk was a group of small cells which were destined to 
form the vitellarium in the adult ovary. Distally, the oogonia were 
invested by a thin sheath that was continuous with the anlage of the 
vitellarium. 

The male gonad in the larval stage consisted of a single pair of testes 
dorsal and behind the midgut, embedded in the fat-body, and similar 
to the ovaries in structure. During larval life the testes enlarged, and 
each divided into two parts. Later there was a migration of the testes 
which in the late pupa moved downwards and came to lie ventrally in 
the abdomen. Simultaneously, they enlarged and a partial fusion of the 
testes on either side took place. According to the authors, mature 
spermatozoa could be seen in the newly formed pupa. 

Although there does seem to be a common plan upon which the adult 
gonads of the beetles are constructed, the origin and actual formation 
of these glands is quite varied. With a brief review of how the sex 
glands are formed in Coleoptera and other orders, it is now possible to 
see how the beetle, Passalus, fits into the picture as far as the develop- 
ment of the gonads is concerned. 


OBSERVATIONS 


Although many young eggs were examined—some of them less than 
5 hours old—there was no indication of a dark granular pole disc, or 
oosome, at the posterior end of the egg, nor of clearly defined pole cells 
being set aside at this region. The cleavage nuclei, the cells of the 
blastoderm, and the cells at the caudal region of the germ band exhibited 
no morphological or staining qualities which might identify some of them 
as the primordial germ cells. 

The earliest indication of the embryonic gonads, that is, the period 
when the germ gland anlage can be definitely recognized as such, occurs 
in an approximately 9-day embryo. At this period of development the 
lateral edges of the germ band have grown nearly one-third the way 
to the dorsal side, where eventually the right and left edges will meet. 
The fat body can be seen beginning to form between the splanchnic and 
somatic layers of the mesoderm. Near the most dorsal edge of the 
up-growing germ-band, in the region of the sixth and seventh abdominal 
segments, a slightly bulging, dense mass of cells can be seen on each 
side of the embryo adjacent to the splanchnic mesoderm (fig. 1). 

In this thickened mass of dense cells there does not seem to be any 
regular or definite arrangement, and there is nothing distinctive about 
the individual cells to enable one to differentiate them from other 


EXPLANATION OF PLATE III 


Fic. 16. Longitudinal section through the gonad of a 6-day-old first instar 
larva. dg. c.—degenerated cell; e.—nucleus of cell in knob; kn—knob at distal tip; 
mus—muscle. X 400. Fic. 17. Longitudinal section through the gonad of a 
second instar larva. dg. c.—degenerated cell; e—nucleus of cell in knob; kn—knob 
at distal tip; p. s.—peritoneal sheath. X 400. Fic. 18. Longitudinal section 
through the gonad of a second instar larva (next section to that shown in fig. 17). 
dg. c.—degenerated cell; e—nucleus of cell in knob; kn—knob at distal tip; p. s.— 
peritoneal sheath. X 400. 
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similar cells of the embryo. Neither the nuclei nor the cytoplasm 
exhibit any obvious morphological or staining characteristics that 
might identify them as primordial germ cells. But by a tracing back- 
ward of the development of the gonad, it is quite certain that this dense 
mass of cells is actually the earliest indication of the gonad anlage. 
Presently, however, some cells with slightly smaller, ovoidal nuclei 
tend to line up with their long axes following the somewhat oval outline 
of the mass of cells. 

In a slightly older embryo of about 10 days, the gonad anlage appears 
even more condensed and ovoid in shape (fig. 4). There also seems to 
be a more definite alignment of the slightly smaller ovoidal nuclei about 
the dense mass, indicating that a compact peritoneal sheath (. s.) is 
beginning to be formed. At about this stage of development a longi- 
tudinal section of the gonad anlage reveals that it is a tear-drop, or 
Comet-shaped structure with the blunt end forward and the tail, or 
narrower end, tapering posteriorly (figs. 2 and 8). 

At about the eleventh day of development the germ band has grown 
approximately one-half the way around to the dorsal side. At this 
stage the gonad rudiment at the anterior end becomes constricted 
in the middle and divided into two parts (fig. 3), giving the gland the 
beginning of a Y-shaped appearance (fig. 9, A). The base and each 
arm of the Y-shaped gonad become cylindrical (figs. 5 and 6) and are 
surrounded by the sheath of cells with slightly elongate ovoidal nuclei 
(p. s.). 

At the time the left and right edges of the germ-band have joined at 
the middorsal line of the embryo the gonad has further divided into the 
two cylindrical arms of the Y, and the base has become relatively 
shorter (fig. 9, B). Meanwhile, at the most anterior and distal tip of 
each arm a small group of cells has formed a round ball-like knob 
(fig. 7, kn). Also at this time many round, black-staining, extra-cellular 
masses are evident in the gonad (fig. 7). At first the chromatin portion 
of the nucleus seems to clump and become very black (dg. m.). Other 
small dark masses (dg. c.) appear between the different cells. These 
extra-cellular masses have probably been liberated from the degenerating 
nuclei. 

A longitudinal section through a first instar larva reveals that the 
division of the gonad into its component parts is almost complete (figs. 
16 and 10, A). The length of one arm plus the short common base is 
about 0.2 mm., and the width of the tapering cylindrical arm is about 
0.025 to 0.04 mm. near the middle. The whole structure still lies 


EXPLANATION OF PLATE IV 


Fic. 19. Diagram showing the relative position of the gonads in the prepupal 
stage. g—gut; h—heart; nm. c.—nerve cord; ‘—testis; tr—trachea. Fic. 20. Longi- 
tudinal section through the testis of a prepupal stage. a—cell near periphery; 
b—cell near center; c—transverse, elongate cell; dg. c.—degenerated cell; kn—knob 
at tip; sp. cy.—sperm cyst.  X 88. 20A—Group of columnar cells near periphery. 
X 825. 20B and C—Cells near center. XX 825. 20D—Group of cells with degen- 
erating nuclei. xX 825. Fic. 21. Diagram showing relative position of the 
testes in the pupalstage. ef. dt.—efferent duct; 4.—heart; h. g.—hind gut; t—testis; 
tr.—trachea. 
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embedded in the fat-body in the vicinity of the sixth to seventh 
abdominal segments, with the distal free ends pointing dorsally and 
anteriorly, and the proximal base portion extending ventrally and 
posteriorly. In the region of the base and near the central portion of 
the gonad the black globules have coalesced and run together to form 
irregularly shaped masses (fig. 16, dg. c.). At the distal tip the group 
of cells (e) forming the knob (kn) is still in prominence. 

In a second instar larva a longitudinal section through the developing 
sex gland shows that the same histological conditions prevail (figs. 17 
and 18) as in the first instar. But a slight increase in width is now 
noticeable. The base of the gonad tapers off gradually in a ventro- 
posterior direction. At the crotch of the Y-shaped structure and at the 
central region of the cylindrical arms there are still black-staining 
masses rather extensively present (dg. c.) and a few vacuoles appear in 
this region. 

In a third instar larva conditions are still relatively unchanged, 
although the width now measures 0.045 to 0.055 mm. Small tracheae 
and tracheoles can be distinctly seen entering the outer peritoneal 
sheath of the gonad. 

Prepupal Stage: During the prepupal stadium the developing 
gonads lie close to the dorsal side, a trifle lateral to the heart (fig. 19). 
In the male individual there is a great increase in the size of the anlagen, 
each of which now measures approximately 1.0 mm. in length, and 
about 0.35 mm. at the widest point. 

With the formation of sperm cysts (figs. 20, sp. cy. and 23) near the 
middle of the gland, it is definitely indicated that the developing gonad 
is a testis. Toward the peripheral portion of the distal region the cells 
are arranged in a type of tall columnar epithelium (fig. 20, A and a). 
Just inside these, the cells are less closely packed together and assume a 
more nearly spherical or polyhedral shape (B). The former columnar 
type cells at the edge of the gland can be seen dividing and giving rise to 
additional cells in the central portion, which take on the characteristic 
polyhedral shape. 

The nuclei of the cells of the testis at the early prepupal stadium 
exhibit no definite tendencies toward a meiotic division, and also because 
of their location, it is almost certain that these testis cells are in the 
spermatogonial stage. Near the lower part of the distal region these 
spermatogonia become enveloped by sperm cyst capsules (fig. 23). 

At the distal tip of the testis the little knob of cells now appears as a 
small hillock projecting from the end of the enlarging gland (figs. 20 
and 22). Along with the group of cells there is a somewhat lighter 
staining mass (a) surrounded by the former. The whole mass is com- 
pletely cut off by the very thin non-cellular sheath (0). 


EXPLANATION OF PLATE V 


Fic. 22. Section through the tip of a prepupal testis showing the mass of 
cells. a—lightly staining mass of protoplasm; b—non-cellular sheath. X 371. 
Fic. 23. Cyst of spermatogonia from prepupal testis. X 825. Fic. 24. Diagrams 
showing formation of testicular septa and sperm duct. A—Prepupa; B—Early 
pupa; C—Adult (not drawn to scale). a—distal mass of cells; b—protuberance; 
c—epithelial arch; d—sperm duct; e—area of testicular septa. 
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Just proximal to the region of the sperm cysts there are many slender 
elongate cells lying transversely across the testis (fig. 20, c). Toward 
the center of this region are several long empty spaces. Further 
toward the base there are indications of cell degeneration (dg. c.) and 
numerous small round vacuoles. 

The surrounding peritoneal sheath now closely resembles that of the 
adult, in that it is made up of a sheet of cells bounded by two very thin 
layers which are of a non-cellular nature. 

The female gonad can be recognized in the early prepupal stage by 
its relative lack of development in comparison with the greatly enlarged 
testis. In the ovariole there is, as yet, no increase in size of any of the 
cells nor of the whole gland, and there is no production of multicelled 
cysts. These facts serve as the criteria for differentiating the male from 
the female gonads at the early prepupal stage of development. 

However, the further development of the ovariole is, in some respects, 
quite similar to that of the testis. In this stadium the female gonads 
also lie in the dorsal region of the body slightly to each side of the heart. 
The posterior part of the gonad has a similar hollowing out of the 
central portion, and transverse arrangement of slender, elongate cells 
at the sides. In the prepupal stage the first trace of the thin non- 
cellular tunica propria is visible (fig. 11, ¢. p.) around the ovariole. At 
this time the peritoneal sheath does not yet appear to be made up of its 
component parts, but is merely a sheath of cells arranged in a more or 
less circular fashion (fig. 27). 

While the little knob of cells in the testis remains as an enclosed 
mass, apparently its counterpart has a different fate in the female. 
In the ovariole this little knob becomes greatly elongate, and its twists 
and coils slightly about the tip of the ovariole (figs. 12 and 15). Also 
the peritoneal sheath continues beyond the tip of the ovariole for a little 
way as the terminal filament. 

Pupal Stage Male: In the early pupal stage the efferent duct has 
continued to differentiate, and has elongated so that it extends quite a 
distance from the testis proper. Then in this quiescent stadium a 
regular network of testicular septa is formed over the stem-like efferent 
canal. Originating from the region of the opening of the sperm duct 
in the testis (fig. 24, c), the longitudinal septa extend proximally along 
the sperm duct (fig. 24, B). 

In a cross-section this network looks very similar to a spider’s web 
(fig. 25). Each wedge-shaped section is made up of a ladder-like affair 
with a nucleus lying near the middle of each rung, and the uprights, 





EXPLANATION OF PLATE VI 


Fic. 25. Transverse section through the testis of a mid-pupal stage showing 
the formation of the testicular septa. sp. dt.—sperm duct; ¢. spt.—testicular 
septum. xX 88. Fic. 26. Mass of cells at the distal tip of the testis in the pupal 
stage. X 371. Fic. 27. Transverse section through the prepupal ovariole show- 


ing the peritoneal sheath. X 825. Fic. 28. Transverse section through the 
peritoneal sheath of a pupal ovariole. c. mus.—circular muscle layer; ep.— 
epithelial layer; fat—layer of fatty material; i. /.—inner layer of cells; 1. mus.— 


longitudinal muscle. XX 825. Fic. 29. Several cells from the pupal ovariole near 
the base. X 825. 
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with only a few nuclei, are arranged radially about the central sperm 
duct. The septa making up this ladder-like network are continuous 
longitudinal epithelial sheets extending about half the length of the 
testis. Just distal to the wide opening of the sperm duct there is a 
dense mass of irregularly arranged cells where the testicular septa seem 
to converge (fig. 31). 

Later in the pupal stage the rung-like portions of the network break 
down and the nuclei migrate from these transverse strands to the 
radially arranged longitudinal septa (fig. 32). The sperm cysts, which 
have remained distal to the sperm duct, then migrate posteriorly 
passing around the edges of the dense irregular mass of cells, and begin 
to invade the peripheral areas between the testicular septa (figs. 30 
and 32). With this invasion of cysts from distal to proximal portions, 
the funnel-like opening of the sperm duct is moved relatively anterior 
toward the tjp of the gland which is the position in the adult testis. 
(figs. 24, B and C). 

As the sperm cysts migrate toward the basal portion they do not yet 
exhibit any sign of meiotic activity, so they are presumably still 
spermatogonia. At the distal tip of the pupal testis the little enclosed 
mass of cells is still visible (fig. 26). 

During the process of pupation the testes have shifted from a dorso- 
lateral position to a completely ventral one (fig. 21), and are now located 
between the fifth and sixth abdominal segments lying with their long 
axes in a diagonal lateral-to-median direction. 


Female: The increase in size of the ovarioles takes place in the 
early pupal stage, mostly in a longitudinal direction. Like the male 
gonads, the ovaries have shifted from a dorso-lateral position to a 
completely ventral one. But, differing from the testes, the slender 
cylindrical ovarioles extend from the anterior end of the fifth abdominal 
segment to the anterior end of the seventh, where the two ovarioles join 
the lateral oviduct. 


While the majority of the cells of the ovariole proper are quite 
alike in the mid-pupal stage, at the basal portion they all have most of 
the nuclear material clumped to one side of the nucleus (fig. 29) indi- 
cating an early phase of meiotic activity. 

The peritoneal sheath in this stadium (fig. 28) begins to resemble the 
condition in the adult. The two muscle layers are well defined and 
there are traces of the outer epithelial sheath (ep). A large amount of 
fat material, and a thin layer of cells (7. /.) lie between the circular 
muscle layer and the tunica propria. 


EXPLANATION OF PLATE VII 


Fic. 30. Transverse section through the testis of a late pupal stage above 
the opening of the sperm duct. X 86. Fic. 3l. Transverse section through the 
testis of a mid-pupa adjacent to the opening of the sperm duct. XX 88. Fic. 32. 
Transverse section through the testis of a late pupa showing the degeneration of 
the transverse strands and the invasion of the sperm cysts. p. s.—peritoneal 
sheath; sp: cy.—sperm cyst; sp. dt.—sperm duct; ¢. spt..—testicular septum. X 88. 
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DISCUSSION 


ORIGIN OF GERM GLANDS 


Among the genera of the order Coleoptera the time of origin of the 
germ glands varies greatly: from very early segregation of the germ 
cells as caudal pole cells (Calandra, Caligrapha, Brachyrhinus, and 
Corynodes), to a relatively late differentiation of the sex glands (Tenebrio 
and Hydrophilus). 

In most of the forms where germ cells are set aside very early in 
development there is a dark granular region at the posterior pole of the 
uncleaved egg. This disc-shaped oosome stains intensely with the 
various hematoxylin and similar dyes and can usually be identified 
without much difficulty. Although many young eggs of Passalus were 
examined (some still in the ovariole) before cleavage was well under 
way, there was no indication in any specimen that a pole disc, or germ 
cell determining area was present at the posterior pole of the egg. 
Although several hematoxylin stains were the only ones used, if the 
oosome, or pole disc, were present in the egg of Passalus, there should 
have been no difficulty in recognizing it. 

Also, in the beetles where the germ cells are differentiated early in 
development, the pole cells become separated from the blastoderm at 
the posterior end of the egg. According to the authors, these cells 
exhibit several distinct morphological characteristics which differentiate 
them from the other cells of the blastoderm: ‘‘large size of cells and 
nuclei, characteristic arrangement of sparse chromatin, and the bright 
staining of the cytoplasm with eosin, and Orange G.” There were no 
cells in Passalus that could readily be compared to the usually distinct 
pole cells of some other forms. 

A study of the further development of the early embryo also failed 
to reveal any definitely characteristic cells which might be considered 
as the primitive germ cells in the caudal region. In Tribolium, for 
example, these primordial germ cells were first found at the caudal 
portion of the germ band. 

The earliest stage at which the developing gonad anlage of Passalus 
can positively be recognized as such occurs very late, in comparison with 
some other beetles. Identification of the sex gland rudiment depends 
not on the recognition of one particular type or kind of cell, but rather 
upon the arrangement and relations of cells in a certain region. 

The best criterion, then, for distinguishing the developing sex glands 
is the modification in density and arrangement of some of the cells of the 
sixth and seventh abdominal segments of a 9-day embryo. A thick, 
bulging mass.of cells appears in the splanchnic mesoderm of this area. 
At first there is no definite or regular alignment, but presently there are 
indications that some cells with more ovoidal nuclei are arranging 
themselves with their long axes following the ovoidal outline of the 
gonad. Although these cells do not exhibit any features which could 
distinguish them from other similar cells of the embryo, the fact that 
they have formed a dense, concentrated mass in this region, and the fact 
that some with ovoidal nuclei are tending to gather toward the edges 
of this mass clearly indicate that this aggregation of cells is actually 
the germ gland rudiment. It is also evident from the later history 
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of these cells with elongate ovoidal nuclei, that they will eventually 
form the external peritoneal sheath of either the testis or the ovariole. 

Within the order Coleoptera we can find examples of all types of 
germ cell origin. Nelsen (1934b) has outlined the main general stages 
at which the sex cells, or the sex glands, can first be identified in insects. 
If we restrict his classification to only the beetles, and add some more 
recent examples, we find that every group except the last includes at 
least one genus of the order. 

According to Nelsen, the first main stage at which germ cells arise 
is the period of blastoderm formation, the germ cells being segregated 
as caudal pole cells. To this group belong the following species with 
the author who described the origin: 


1. Calligrapha multipunctata........... 00. c ee eens Hegner (1908) 
D.. _EARANTIG GRORIIONGS 66.5.6 er Hegner (1908) 
i GI IN 6 sodas ob Scdelcealsceoseseec nea Inkmann (1933) 
i. SEIN ca ace aaww o'scn:6 Sia endian tae Wray (1936) 
Ie Ge OE ic cade cceeskhecdss nce ues Tiegs and Murray (1937) 
i GP PNRE ec ciceis cdc ceccesebcwsndwedeawen Paterson (1936) 
sD INE vias ce alice ae Butt (1936) 


The second stage is that immediately after blastoderm formation, 
the germ cells segregating from primitive blastoderm cells in the caudal 
region. To this group belongs: 


5: SMES ORIEN iicivsics ctetienedivdeaeeees Friederichs (1906) 
PINE INDIES 6.5 5.65 ok odin onceducwecnaueil Hirschler (1909) 


The third period occurs shortly after the germ-band, as such, is 
demarcated from the blastoderm, but before segregation of the inner 
layer is initiated. The germ cells are segregated from the primary 
ectoderm in the caudal portion of the germ-band. An example of this 
group is: 

1... Tree CNR ok se Es Hodson (1934) 


The fourth stage of germ cell origin is that during the period of the 
inner layer and mesenteron segregation, but before the formation of the 
coelomic sacs: 

Lh. DVintie WAM ccscesiicen icc ees Saling (1907) 

(Nelsen puts the species in this group, but Saling admits that 
the gonad anlage cannot be identified with certainty as early as this 
stage.) 


The fifth period occurs after the coelomic sacs have formed. The 
germ cells are derived, or associated with—when first detected—the 
coelomic sac mesoderm. Examples are: 


D : - ONG oie tnt ev oa Reta Heider (1889) 

EOIN R MIRO 6:55.50 CK aA RRR RCEENSA Re Graber (1891) 
ae Ee ee ee PT ee Pee Graber (1891) 
Be POOUUS MII igs vvniguestccies a ceustusertes eeu Saling (1907) 


(Probably this is an example of group four.) 


The sixth period occurs during post-embryonic development. No 
Coleoptera are represented in this group. 

Inasmuch as the gonads of Passalus arise from the splanchnic 
mesoderm and are distinguishable only relatively late in embryonic 
development, it could properly be included in the fifth group. It is 
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interesting to note that Hydrophilus, the most closely related to Passalus 
of the beetles studied, has a quite similar method of origin of the germ 
glands, and also belongs to this group. On the other hand, Tribolium 
and Tenebrio, members of the same family, belong to different groups. 
One would expect to find that the more closely related forms would fit 
into the same groups. 


DEVELOPMENT OF THE GONADS 


In spite of the fact that the gonads apparently arise relatively 
late in development, each of the anlagen divides into two parts almost 
immediately after its formation (fig. 3). This is in contrast to Calandra, 
for example, where the glands are not divided into the two component 
parts until after eclosion and the larval stage has been attained. 

The shape of the gonad rudiment undergoes a series of modifications 
(fig. 8) from an ovoidal mass in the 9-day embryo (A), to a comet- 
shaped gland (B) in a 10-day embryo and to the beginning of a Y-shaped 
gland (fig. 9, A) slightly later. From this period on, the division into the 
component parts is continued until the larval stages are reached and the 
pair are joined only at the proximal, basal region (fig. 10, A and B). 

The formation of the little ball-like knob of cells at the distal tip of 
the gonad rudiment is quite interesting. At least in the male, neither its 
morphology in the adult, nor its method of formation gave any hint 
as to its significance or probable function. On the other hand, it appar- 
ently has a different fate in the female. But the consideration of this 
structure will be postponed until after the topic of sex differentiation. 


SEX DIFFERENTIATION 


The period at which the developing gonad can be identified as an 
ovary or testis varies somewhat in the different beetles that have been 
studied. In Tenebrio, Saling (1907) indicated that sex differentiation 
occurred shortly before the close of the embryonic period. The testis 
could be recognized as such because, at this time, it had formed six 
diverticula, whereas the ovary had developed twelve. 

Hegner (1909, 1914) recorded that in Calligrapha sex differentiation 
took place some time before the larval stage was reached. The sex of 
the embryo could be determined by the shape of the germ glands; those 
of the male became dumb-bell shaped, but the female organs retained 
their earlier pear-shaped form, and began to acquire terminal filaments. 
Then there ensued a period of activity during which a large number of 
ovarian tubules developed in the female, and testicular follicles appeared 
in the male. 

Hodson (1934) pointed out that sex differentiation in Tribolium 
occurred just before hatching time, or immediately after eclosion. 
In the male six tubules, which ultimately comprised the testicular 
follicles, labeled the gonad as a testis; while if there were eight pro- 
tuberances occurring in double rows of four on the inner lateral surface 
of the gonad, the female gonad was indicated. 

In Calendra, Murray and Tiegs (1935) maintained that sex differ- 
entiation took place at an early larval stage. The ovaries enlarged in 
the young larvae, and became constricted into two pyriform bodies. 
The male gonad in larval life consisted of a single pair of testes dorsal 
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and behind the mid-gut. The ovaries could also be identified by 
mycetocytes, which were lacking in the testis. 

In Leptinotarsa Wieman (1910b) indicated that at the close of the 
larval period the testis resembled a single ovariole. 

It is quite evident, then, that in the different beetles studied the 
criteria for sex differentiation are by no means identical. In Passalus 
sex differentiation obviously occurs at the beginning of the prepupal 
stage. In the male individual there is a rapid increase in the size of the 
whole gland. Within the testis itself there is a considerable enlargement 
of some of the cells and the beginning of enclosure of spermatogonia 
into the multicelled sperm cysts (figs. 20 and 23). At a corresponding 
stage the ovarioles still remain slender and cylindrical, but shortly 
begin to elongate. Within the gland itself there is as yet no enlarge- 
ment of individual cells, and of course no formation of sperm cysts. 

In the other beetles studied the shape of the developing gonad often 
gave a hint as to whether the gland would be a testis or an ovary. 
But in Passalus, since both the male and female gonads have a similar 
Y-shaped arrangement, sex differentiation must depend upon a difference 
in the cells rather than in the shape of the glands themselves. Because 
the testis seems to differentiate somewhat earlier than the ovariole, it 
is possible to identify the male gonad in the early prepupal stage by the 
sperm cysts and enlarged spermatogonia. The cells of the ovariole 
do not begin to enlarge until much later in development. 


FURTHER DEVELOPMENT OF THE GONADS 


In even the late embryonic stages and in the early larval stages there 
are many cells that seem to be undergoing degeneration. Although a 
careful and detailed cytological study of this process was not made, 
several features could be observed. This degeneration probably takes 
place first by a clumping or condensation of chromatin material in the 
nucleus. Then this darkly staining condensed material is liberated 
between the other cells of the gonad. As more and more cells undergo 
this process there is a tendency to produce larger and larger masses of 
dark material in the form of globules. There are indications that this 
process occurs most extensively near the basal and central portions 
of the developing germ gland. Thus, the cavity of the efferent canal 
is formed by a hollowing out of the basal or proximal portion of the 
gonad. 

Wieman (1910b) regarded a similar degeneration of cells in Leptino- 
tarsa as a process of supplying nourishment to the germ cells, and looked 
upon these degenerating cells as ‘‘nurse cells.” In Passalus, however, I 
believe it is primarily the method by which the efferent duct, or at least 
the lumen, is formed. That the germ cells are actually receiving a 
nutritive substance from the degenerating cells could not be demon- 
strated with the material at hand. The fact that the disintegration in 
the indifferent gonad commences long before the efferent duct is 
definitely formed is, perhaps, the only indication that such a nourishing 
process might actually be taking place. 

When the degeneration has become quite wide-spread in the early 
prepupal stage, the peripheral cells at the proximal basal part of the 
gonads transform into tall columnar epithelial cells, and form the walls 
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of the sperm duct or lateral oviduct, as the case may be. However, the 
sperm duct arises much earlier than does the efferent duct in the female. 

In the late prepupal stage the inner non-cellular tunica propria can 
be definitely recognized for the first time (fig. 11). It is clear by its 
location and appearance that it is a secretory product of the cells of the 
ovariole proper. 

While the fate and significance of the little ball-like knob of cells at 
the tip of the gonad is an enigma in the testis, this same structure in the 
ovariole has an interesting subsequent history. In the prepupal stage 
the knob of cells begins to elongate and twist slightly about the tip of 
the ovariole (figs. 12 and 15) ultimately forming the spiral, apical 
nutritive chamber. 

The function of the terminal filament is somewhat varied in the 
different insects. Wieman (1910a) recorded that it developed earlier in 
Leptinotarsa and that it aided in the upward migration of the embryonic 
gonads toward the dorsal region of the body. In other cases, it appar- 
ently serves as an anchor, or means of attachment for the adult ovarioles. 
Because of the late development, in the prepupal stage of Passalus, its 
possible significance as an embryonic attachment organ is, of course, 
eliminated. Even though it arises late, its function as a suspensory 
structure or means of attachment in the immature forms also is quite 
plausible. As there is a considerable shifting in position of the ovarioles 
during the quiescent stadia, it is probable that the terminal filament 
plays an important role in this process. Its significance later, however, 
seems to be diminished, since the fat-body and the numerous tracheae 
penetrating the ovarioles also tend to support the gonads in the 
imaginal stage. 

By far the most striking and unusual feature of the development of 
the gonads is the formation of the testicular septa in the pupal testis. 
Since this is correlated with the unique morphology of the adult testis, 
there is no such similar process described for other beetles. 

Along with the formation of the septa there has occurred an irregular 
massing of many cells over the open funnel-like portion of the sperm 
duct (fig. 30). This mass of cells prevents the migrating cysts from going 
into the sperm duct in their as yet immature condition. The fact that 
the sperm cysts always first appear toward the peripheral portion when 
invading the region of the testicular septa, and the fact that they are 
never seen migrating through the mass of cells indicate that this 
epithelial arch of cells serves both in the pupa and in the adult in the 
same fashion. That is, it prevents the immature sex cells from escaping 
into the sperm duct. 

Although a similar plug of epithelial cells is commonly found in the 
ovariole of many insects, including Passalus, it is quite unusual to find it 
also present in the testis. But, comparing the epithelial arch in the 
testis and the epithelial plug in the ovariole, it is obvious that they have 
precisely the same significance in preventing the sex cells from escaping 
prematurely. 

While the genital cells in the testis begin their maturation in the early 
prepupal stage, the egg cells do not show any signs of meiotic activity 
until the mid-pupal stage. At the basal portion of the ovariole there 
are many cells with very clear nuclei and the chromatin material 
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clumped to one side against the nuclear membrane (fig. 29). This 
probably is the synizesis stage, indicative of the fact that meiotic 
activity has definitely begun. 

The further development of the egg cells, the formation of follicle 
cells, and the formation of the epithelial plug from these latter cells 
occurs during the late pupal stadium and early imaginal stage after 
metamorphosis. 

In the pupal stage the peritoneal sheath of the ovariole differentiates 
into its component parts (fig. 28). However, the significance of the fat 
material and the inner layer of single cells could not be determined. 


SUMMARY 


1. The egg of Passalus does not possess an oosome, or germ cell 
determining area, at the posterior pole of the egg. No typical pole cells 
were found to segregate from the blastoderm or caudal region of the 
early embryo. 

2. The gonad anlagen arise from the splanchnic mesoderm of a 
nine-day-old embryo, at which stage the lateral edges of the germ-band 
have grown about one-third the way to the dorsal midline. A slightly 
thickened dense mass of cells appears in the region of the sixth and 
seventh abdominal segments of each side. 

3. Almost immediately each sex gland anlage-divides into two parts 
at the anterior end, producing a Y-shaped structure while the sur- 
rounding cells consolidate to form the beginning of the outer enveloping 
peritoneal sheath. 

4. The arms of the Y-shaped gonad elongate and form at the distal 

ip a little ball-like knob of cells. Near the base and central portions 
of the glands, some of the cells begin to degenerate, and this process 
ultimately results in the formation of the lumen of the efferent ducts. 

5. During larval life the structure of the gonad is not appreciably 
altered, but there is some gradual increase in size and further degenera- 
tion of cells in the basal portions. 

6. Sex differentiation occurs during the early prepupal stage. The 
male gonad increases tremendously in size, while many of the cells in the 
anterior part of the testis have also greatly enlarged. In the proximal 
region the spermatogonia become enclosed in multicelled sperm cysts. 

7. The female gland can be readily distinguished from the testis at 
this stage by the fact that the ovarioles do not undergo such a rapid 
increase in size just yet, and no multicelled sperm cysts are present. 

8. Also in the prepupal stage the basal portion of each gonad hollows 
out by the degeneration of central cells, while the peripheral ones have 
transformed into the tall columnar cells that compose the wall of the 
efferent duct. The investing sheaths of both the testis and the ovariole 
can be identified in the late prepupal stage. The tunica propria is 
probably secreted by the cells of the egg tube. The peritoneal sheath 
of the ovary extends anteriorly as the terminal filament, and this quite 
likely acts as a means of attachment in the quiescent stadia, at which 
time there is a considerable shift in position of the ovarioles. 

9. The fate of the little ball-like knob of cells at the distal tip of the 
gonad varies according to the sex of the individual. In the male it 
remains in the adult as an inconspicuous little mass of cells enclosed 
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by a non-cellular envelope. In the female it becomes greatly elongate 
and eventually forms the spiral-like tip of the germarium serving as an 
apical nutritive chamber. 

10. During the pupal stage the testicular septa form in the testis 
and the spaces between them are invaded by the multicelled sperm 
cysts. With the growing of these septa from the distal to the basal 
portion, the sperm duct appears as a funnel-shaped canal extending 
nearly the whole length of the testis, and approximates the position in 
the young adult male. 

11. In the female at the pupal stage early meiotic phases are visible 
in the cells near the base of the ovariole, and the whole gland is histo- 
logically similar to that in the newly metamorphosed imago. 
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REVIEW OF THE NEW WORLD SPECIES OF HIPPODAMIA DEJEAN 
(COLEOPTERA: COCCINELLIDAE), by Epwarp A. Cuapin, 39 pages, 
os + June 14, 1946. Smithsonian Miscellaneous Collections, Vol. 106, 

o. 11. 


The as introduction states that much more collecting and study will be 
needed to clarify the taxonomy of this genus, but since the review is based on the 
study of more than 11,000 specimens of the few included species it must be regarded 
as an important foundation. 

Following the introductory material the genus is described in detail and the 
species and subspecies are taken up individually. The treatment is not uniform. 
In some cases it includes fairly extensive comments on specific characters and in 
some cases summaries of the material studied. Type localities and general dis- 
tribution are cited. The species are not keyed. The reviewer concludes that the 
end sought is a concise expression of the points which are most significant to 
coleopterists who are already acquainted with the genus. 

Illustrations include genitalia, figures of adult maculation and maps showing 
distribution. All are expertly drawn and reproduced. It is unfortunate that our 
national institutions find it necessary to print figures on both sides of translucent 
paper, but possibly this economy is unavoidable.—A. W. L. 





REPORT ON THE STATUS OF THE ENTOMOLOGICAL 
COLLECTIONS IN CERTAIN EUROPEAN 
MUSEUMS, 1945 


JOHN WENDELL BAILEY, 
27 Willway Road 
Richmond, Virginia 


Formerly Major and Lt. Col. AUS., 
Information and Education Division, 
Education Branch 


On 31 May 1945 Dr. C. F. W. Muesebeck, Division of Insect Iden- 
tification, U. S. Bureau of Entomology and Plant Quarantine, Washing- 
ton, D. C., addressed a letter to me saying: ‘‘We have been much 
concerned about the fate of entomological collections, particularly 
those containing type material, in the devastated countries of Europe— 
Berlin, Hamburg, Kiel, Stettin, Munich, Bonn, Brussels, including the 
Congo Museum at Tervueren just outside of Brussels, Vienna, and 
Budapest... .” 

This letter finally reached me on 28 August 1945. Because this 
request had to do with information, scientific study and education, I 
immediately contacted my commanding officer and asked permission to 
make the survey of the museums. The request was granted. The Army 
provided motor, rail, and air transportation. The following is a brief 
summary of my observations: 

PARIS, FRANCE: Musee Nationale D’Histoire Naturelle was 
unharmed. The Germans did not molest the collection or disturb the 
personnel of the museum. There are 10 specialists and 10 helpers in 
entomology. The insect collections are said to contain 15,000,000 
specimens, 200,000 of which are types. The entomological library is in 
excellent condition. 

Dr. Lucien Berland, specialist in Hymenoptera, assistant director of 
the Museum, in charge of insect collections, stated that the scientific 
journals continued to be published during the war, but, because of the 
paper shortage, the number of pages in each issue was greatly reduced. 

A private collection of Lepidoptera belonging to Albert Zerkowitz, 
formerly of Paris, now of New York, was stolen by the Nazis in August 
1942, together with books, art objects, and furniture. 

RENNES, FRANCE: This museum formerly contained a good collection 
of insects, especially Coleoptera, and Lepidoptera. A few years before 
the war the Deutsches Museum, in Berlin, offered 1,000,000 marks for 
the Oberthur collection of Lepidoptera, but the French refused to sell it. 
Some people think the collection was stolen during the war, while a 
few think that one of the French curators evacuated it to a safe place. 

Lot, FRANCE: Le Carrid par Dovelle. Nothing definite could be 
learned as to the safety or whereabouts of the microlepidoptera collec- 
tion of Chretien. Other collections in this little museum were evacuated 
to safety. 

LONDON, ENGLAND: British Museum of Natural History, South 
Kensington, suffered a few random shots from strafing by the German 
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planes, and V-bombs shattered the glass from many windows and some 
of the exhibition cases. The study collections had all been stored in the 
cellars and basements or evacuated from London, mostly the latter. 

Mr. Barnett, entomologist, showed me the collections that had been 
returned to the museum, and said others were coming in as fast as the 
limited staff could handle them. He also said that the British Museum 
was sending a man for just such a survey as I was making. 

Museum publications were issued during the war, but the size and 
frequency of issue was not up to prewar standards. 

LIVERPOOL, ENGLAND: Incendiary bombs landed on the Liverpool 
Museum and burned it out. Most of the collections had been evacuated 
to southwest England, and were thought to be intact. 

BRUSSELS, BELGIUM: Musee d’Historie naturelle de Belgique was 
not damaged. Prof. Dr. Van Stroelen A. d’Orchymont, curator of Ento- 
mology, showed me through the Museum, and told me that shortly 
after the beginning of the war the insect collections were moved to the 
basement of the main building. The exhibits were left in place, and in 
October 1945 all insect collections had been moved back to their proper 
places. The collections are strong in insects from the East Indies. 

The museum publications continued uninterrupted, the size and 
frequency of the issues being the same as before the war, and there was 
no interference by the Germans. Andre Janssens is collaborator in 
entomology. 

TERVUEREN, BELGIUM: Musee du Congo Belge, H. Schontedry, 
director, and L. Burzeog, entomologist, reported that although some 
glass was shattered, all exhibition cases and the collections were 
unharmed. 

Publications were reduced in size; the issues were less frequent 
during the war. Insect collections were stored in well-protected base- 
ments, but are now back in their proper places in the museum lab- 
oratories and cabinets. 

AMSTERDAM, HOLLAND: The insect collections, as well as many 
others, were evacuated to safe places, and have now been returned to 
their cabinets in the Museums. There was no damage. 

LEIDEN, HOLLAND: The Royal Museum was damaged by bombs, 
but most of the damage was confined to the exhibition cases in one of 
the wings of the building. The insect collections had been stored in the 
basement, a few were evacuated, and all are now restored. 

MAASTRICHT, HOLLAND: Museum of Natural History, Dr. Wil- 
helmina Van de Geijn, curator, had, prior to July 1943, a remarkably 
good collection of ants, which had been collected and ‘‘tended”’ by the 
R. P. Erich Wasmann, S. J. The collection was for many years kept in 
Valkenburg where Wasmann lived and served his people. Wasmann 
died in 1932 and Father Schmidt, a former student of Prof. Dr. Reich- 
ensperger, of Switzerland, now of Bonn, Germany, succeeded him as 
priest and also as curator of the ant collection. The entomological col- 
lection was kept at the Ignatius College at Valkenburg, but when 
Schmidt was called to Germany, his original home, the collections were 
placed in the Museum at Maastricht, where they could be properly 
housed and cared for. 

In July 1942, Schmidt asked the German entomologists in Berlin to 
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get the collection and bring it to Berlin so that he could continue working 
on it. Schmidt was not in Berlin, however, nor had he been there. 
Prof. Hans Bishoff, of Berlin, had shown great interest in the collection 
and visited Maastricht several times in attempts to get it. Sensing 
trickery in Bishoff’s visits, the Maastricht curator hid the collection in 
the basement of the Rathhouse, and its whereabouts was known to only 
a few. Of course the Nazi Bourgemeister, Peeters, knew of the plan. 
He disclaimed any knowledge of its whereabouts and on several occa- 
sions tried to dissuade Bishoff from taking the collection. The S. S. 
troopers and Bishoff finally got hold of the assistant bourgemeister, 
D. Th. A. A. M. Copray, and ‘‘persuaded” him to reveal the location 
of the collection which they removed to Berlin. 

While stationed in Maastricht, as Typhus Control Officer for G-5, 
Ninth U. S. Army, during the winter of 1944-45, I became personally 
acquainted with many of the citizens of the little city, including the 
museum curator, Dr. Van de Geijn. Likewise I learned of the loss of 
the collection, and the circumstances surrounding its loss. When I was 
reassigned to make the museum survey, I set out to find the Wasmann 
collection and restore it to the Museum in Maastricht. On Wednesday, 
19 September 1945, I reached Berlin. The following morning I located 
Prof. Bishoff in the Deutsches Museum at 43 Invaliden Strasse and 
shortly after was able to get him off on ants. He showed me the Was- 
mann collection, which, he explained, had been carried to Berlin for 
protection only. Some of the specimens were in the basement of the 
Museum, and others were in a vault of the Central Landschafts Bank, 
two floors below the ground, and across the street from Hitler’s Reich 
Chancellery. 

The insect collection and the entire library of some 50,000 titles, 
and photographic equipment, was returned to Maastricht on Saturday, 
29 September 1945. One cabinet of about 20 trays of Phorides was 
missing, but later was found in Waischenfelf (Oberfranken), about 50 
miles southeast of Bamberg, where a branch of the research department 
of Ahnenerbes, under the direction of Heinrich Himmler, was main- 
tained. The cabinet was returned to Holland on 27 November 1945, 
thus completing the return of the entire collection to its rightful owners. 
This was the first stolen ‘‘loot” returned to amy of our allies, and the 
only property recovered from the Russian sector of Germany. 

The shipment filled 83 crates and boxes, and required an entire ten 
ton trailer truck to move it. The lot included 310 insect trays, 100 large 
bottles (each filled with small vials) containing alcoholic specimens, 2 
boxes of lantern slides, 4 boxes of photographic equipment, 500 related 
letters, 50,000 entomological publications, and several unpublished 
manuscripts dealing with ants, ant parasites, and guests of termites of 
all countries. Wasmann’s more general papers were along the line of 
animal psychology and the theory of evolution serving directly the 
‘*Christian” view of life. 


GERMANY 


Three cities claim to be the real entomological center of Germany, in 
fact of all Europe: Berlin, Dresden, and Munich. All three cities were 
bombed very heavily and their museum buildings destroyed. The col- 
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lections are in fair to excellent condition, but are not together in any 
one place. It is hardly probable that the collections will be assembled in 
their respective localities for some time to come, for there are no build- 
ings large enough to accommodate them in or about the cities mentioned. 

AUGSBURG, GERMANY: The museum and most of the collections 
were destroyed. 

BAMBERG, GERMANY: The townspeople reported that the collections 
were saved when the museum building was destroyed, but the curators 
are away, whereabouts unknown. 

BERLIN, GERMANY: The Deutsches Zoologisches Museum was badly 
bombed, but not totally destroyed. Most of the insect collections were 
evacuated to various communities in Mechlenberg, and are now safe. 
Except for six boxes of books, the entomological library is also safe, 
having been stored in the Museum basement and in Rostock. 

The staff of entomologists employed at the Deutsches Zoologisches 
Museum is as follows: Prof. Dr. Hans Bishoff!, director and curator of 
Hymenoptera; Prof. Dr. W. Ramme, curator of Orthoptera; Prof. Dr. 
E. M. Herring, curator of Diptera and Lepidoptera; Dr. H. Hedicke, 
curator of Hemiptera; Dr. K. Delkeskamps, curator of Coleoptera. 

All of the material collected on the Schafer Expedition to Tibet, 
consisting chiefly of Lepidoptera, is safe. 

The collections of the Deutsches Entomologisches Institut der 
Kaiser Wilhelm Gesellschaft (Dahlem) were saved by evacuation in 
1943 to Blucherhof Post, Vollrathuruhe, Mechlenberg. 

The library was not moved until July 1945, after the American 
troops requisitioned the Entomological Institute building at 20 Grossler 
Strasse, Berlin. Because of the slowness of the Germans in removing 
the books from the building, American soldiers destroyed, by burning, 
approximately ten per cent. Prof. E. M. Herring, First Trustee of the 
Deutsches Entomological Institute, saved the other nine-tenths. All 
insect collections and library will be returned to Berlin when a suitable 
building is available. 

In addition to the director, Dr. Hans Sachtleben, the Institute had a 
dipterist, Dr. W. Henning, and a coleopterist, R. Korschepsky. Dr. 
W. Horn, coleopterist, died in 1944. 

BoNN, GERMANY: Zoologische Forschungsinstitut and Museum 
Alexander Koenig, Reichinstitut, Dr. Adolf Von Jordons, director, 
Prof. Dr. Reichansperger, entomologist, was practically untouched in 
the bombing, but every precaution had been taken to hide the insects 
collection in a safe place. The other University buildings were bombed 
and mostly destroyed. 

Part of the collection of Arctiidae and Saturnidae had been loaned 
to the Munich Museum prior to the war, but they were evacuated with 
the Munich materials and saved. 

One volume of Meigen’s original colored plates of insects is in the 
Bonn University Library, and is safe in the home of Prof. Reichensperger. 

This museum contains the famous collection of Chinese insects 
collected by Dr. How, and in good condition. 

1Prof. Bishoff is the man who personally supervised the looting of the Was- 
mann collection from the Museum of Natural History, Maastricht, Holland. Read 
the Maastricht notes in this article. 
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BREMEN, GERMANY: Deutsche Kolonial and Ubersee Museum was 
located near the railroad station and was completely destroyed during 
the air raids. Most of the collections had been removed to the country 
prior to the bombing of the city. The insect collection was not impor- 
tant, but the collection of fish and marine animals is considered very 
good. The library which was also moved to the country was saved. 

Dr. Amsel is the entomologist. Dr. C. Fr. Roewer, formerly director 
of the museum, is still in Bremen. He was successful in saving his 
collection of Arachnids. 

BRESLAU, GERMANY: The Museum contains the Wiscott collection 
of hybrids and monstrosities. Prof. Pax is the zoologist. Nothing 
definite is known about the insect collection, but it is thought to be 
safe in the nearby countryside. 

DARMSTADT, GERMANY: The private collection of Prof. Traudt of 
Noctuidae and American butterflies was destroyed. 

DRESDEN, GERMANY: The museum building was destroyed. The 
most important entomological collections were evacuated to the country- 
side and stored in out-of-the-way places, hotels and old castles. These 
were saved; others were lost. Prof. Heller is the chief entomologist. The 
collections are rich in Coleoptera, especially Coccinellidae and 
Curculionidae. 

The private collection of Staudinger, composed of Lepidoptera and 
Coleoptera, was reported destroyed, but as a matter of fact, they were 
merely evacuated to a small village and are now safe. The Kotesch col- 
lection of Lepidoptera was evacuated to Aussig and saved. The Réber 
collection of butterflies of the world has not been located, but is thought 
to have been evacuated to the countryside. 

EBERSWALDE, GERMANY: The Forest Institute, near Berlin, has a 
fine collection of forest insects, including the classical collection of 
Ratzesburg, which was collected at least 100 years ago. The present 
entomologists are Wolff and Krause. The collection is safe. 

ERFURT, GERMANY: This museum contains a general collection of 
local insects and is safe. Dr. Rapp is the entomologist. 

FRANKFURT, GERMANY: The Senckenberg Museum buildings were 
destroyed, as were the exhibits, but the collections had been evacuated 
to some forty odd ‘‘camps” within 60 miles of the city. Only one 
‘“‘camp” or storage place was destroyed. The insect collections, over 
3,000,000 specimens, were stored at Oberlais and Vogelberg, and are 
now in good condition. The famous collection of human embryos, 500 
specimens, is also safe. The Mollusca collection, said to be the greatest 
in Europe, 2,000,000 specimens, is safe. Prof. Dr. Hans Theodor 
Reuling, geologist, is director of the museum. Dr. Franz is chief 
entomologist. 

Scientific journals and reports were published throughout the war, 
until March 1945, at which time the paper shortage and the oversupply 
of aerial bombs became very marked. 

HAMBURG, GERMANY: The Naturhistorisches Museum was com- 
pletely destroyed, but many of the collections, including most of the 
insects, were saved by having been removed from the museum prior to 
the bombing of the city. They were stored in a railroad tunnel. 
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The private butterfly collection of Warnacke is all right. I did not 
see Dr. Dunker, the director, but understand from his friends that he is 
in good health and planning to procure a temporary, yet suitable, 
building to house the museum study collections. Most of the exhibits 
were destroyed. 

HEIDELBERG, GERMANY: No large or important insect collections 
are here, but the private collection of Coleoptera of Geh-Rote-Bosch is 
safe. Heidelberg was not bombed, so the entire city and the University 
were unharmed. Most of the buildings, however, are now used by the 
U.S. Seventh Army. 

KIEL, GERMANY: Thaulow Museum of Natural History was com- 
pletely destroyed, but prior to its destruction, the Fabrician collection 
of insects was removed from the museum to a building in the country. 
This collection was assembled from 1775 to 1801 and at present is in 
care of Dr. Schréder, who lives in Heickendorf, a few miles from Kiel. 

MunicuH, GERMANY: The Zoologische Museum and most of the 
zoological collections were destroyed. Prof. Dr. Hans Krieg is director 
of the Zoologichen Sammlung, and Walter Forster is curator of insects. 

The insect collections were divided into three groups and evacuated 
to: (1) a hotel at Ohlstadt, (2) a castle at New Egling, and (3) a mon- 
astery at Tolling, all within 70 miles of Munich. 

The total collection of insects included 350 cabinets, totalling 15,000 
cases. A very fine and large library of entomological works accom- 
panied the insect collections to their respective hiding places. All were 
saved, most in good condition. The collections are strongest in 
Lepidoptera, Coleoptera, Hymenoptera, and Diptera. 

The study collections of Arctiidae and Saturnidae from the Bonn 
Museum are included in the Munich collections since they are on loan 
to that museum. 

Several private entomological collections in Munich are of impor- 
tance, hence a few notes on each of them: 

George Frey: The largest collection of Coleoptera in Europe. This 
museum was evacuated to several places nearby and was saved. 

Ludwig Osthelder: Microlepidoptera collection. Evacuated to 
Poland and said to be safe. 

Ernest Pfeiffer: Palearctic butterflies (largest private collection in 
Europe) evacuated to Ohlstadt. Now safe. 

Frank Daniel: Palearctic Lepidoptera evacuated to Ohlstadt. Saved 
and in good condition. 

H. W. Taeuber: Fine collection of Hemiptera, but he failed to heed 
the invitation to evacuate it. Bombs destroyed his home, insect collec- 
tions, and library. 

The publication of entomological journals in the Munich area 
flourished during the war; in fact, the number of pages was often 
increased and the works of French entomologists were included. Col- 
ored plates were used more freely than ever before. This while the 
number of entomological journals published throughout Germany 
decreased about fifty per cent. 

The Amerika Institut, said to be a Rockefeller Foundation project 
for the exchange of scientific periodicals, books, etc., was destroyed in 
November 1943. Some of the staff are still ‘‘carrying on” in makeshift 
offices. 
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STETTIN, GERMANY: The Naturkundemuseum was destroyed. The 
insect collections were stored away in the cellar. Their condition will 
not be known until the debris is removed from the ruins of the building. 
The entomological collections contained the Microlepidoptera belonging 
to E. D. Harring and the Mallophaga collection of Dr. Doehrn. A. 
Kaestner was director of the museum. 

STUTTGART, GERMANY: The museum building was destroyed, but 
the insect collections were saved. The collection of Diptera, Coleoptera, 
and Lepidoptera is very good. Dr. Lindner is the entomologist. 

WuRZBURG, GERMANY: The museum was destroyed as were most of 
the other buildings in the city. There was no special collection of insects, 
but a general collection, with emphasis on Hemiptera. Dr. Surger served 
as entomologist and he managed to save most of the insect collections. 

VIENNA, AusTRIA: The magnificent Naturhistorisches Museum 
building was erected during the period 1888-1894, and houses all of the 
zoological, botanical, and geological collections. Dr. K.Holdhaus is 
director of the Zoological Section of the Museum. His special field is 
Coleoptera. Dr. Franz Maidl is curator of Hymenoptera, and Dr. Max 
Beier is curator of Diptera. Even though the entire museum is under- 
staffed, the collections are in fine condition, especially the entomological 
collections, the most important of which are: 

Diptera collection of Brauer, Schiener, and Bergenstamm; the 
Coleoptera collection of Eppelsheim (Staphylenidae), Hauser (Asiatic 
beetles) ; and Hampe and Redhenbacker. The Coleoptera collections are 
regarded as historically important. 

The entomological publications, ‘‘Coleopterologische Rundschau,”’ 
were issued irregularly during the war. The Museum issued several 
small publications from time to time, but no ‘‘Memoirs” or large 
publications were undertaken. The Museum also continued its 
‘“‘Annalen des Naturlist,’’ but on a reduced scale. 

After the war got under way, the scientists took every precaution to 
see that the collections, especially the types, were evacuated to safe 
places in the country or in the cellars of the more substantial buildings 
in the city. 

Compared with the German cities, the destruction in Vienna was 
small. Yet a few direct hits by bombs and artillery destroyed many 
important buildings. The Anatomical laboratories of the University 
Medical School received a direct hit, while heavy explosions near the 
Natural History Museum shattered many of the glass windows. None 
of the entomological collections was harmed in the least, but a portion 
of the botanical collection, the conifers and Caryophylaceae, were 
destroyed. 

According to Dr. Holdhaus, the scientific staff of the museum was 
not restricted or hindered in their work, either by the Germans or by 
the ‘‘liberators.”’ 

Linz, Austria: The Natural History Museum at Linz is small, but 
the collection of Microlepidoptera is considered good. It is safe. Dr. 
Von J. Klimesch and A. D. Ver Donair are the entomologists. 

SALZBURG, AusTRIA: Haus der Natur houses the natural history col- 
lections. Director Prof. Dr. Edward Paul Tratz, said by his colleagues 
to be an ardent Nazi (Schutz Staffel), could not be located. The collec- 
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tion of local mammals, birds, and insects is good. They are all safe. 
There is no regular entomologist connected with the museum. 

BuDAPEsT, HUNGARY: The Ungarisches Nationalmuseum, founded 
in 1802, was not visited, but word from the entomologist, Dr. J. V. 
Szent-Ivany (Lepidopterist) indicated that the insect collections are in 
good condition. They were evacuated to safe places prior to heavy 
shelling of the city. 

The Reitter collection of Coleoptera is considered very good, the 
Lepidoptera fair, and the Biro collection of insects from New Guinea is 
excellent. 

PRAGUE, CZECHOSLOVAKIA: The Nationalmuseum collections are 
safe and in good condition. The Coleoptera collection is reported to be 
very good. The classical and historical collection of Lepidoptera assem- 
bled by Nickerl is intact. Dr. Jon Obenberger is entomologist of the 
museum. 

COPENHAGEN, DENMARK: Zoologisk Museum, located at Krystal- 
gade 27, adjoining the University of Copenhagen and a part of it, was 
started in the 16th century. The present building was erected in 1870. 
A new and modern building is now contemplated. Dr. Louis Bohr is 
Director of the Society of Science, hence the director of the museum. 

Dr. Prof. Louis Bovien is chief of the Quarantine Division. S. L. 
Tuxass, entomologist, is working on the Collembola. Dr. S. V. G. 
Larson, entomologist, is working on the larvae of Coleoptera and 
Lepidoptera, and has countless numbers of alcoholic specimens. The 
collection of Coleoptera larvae is especially good, and dates back to 
Prof. J. C. Shidte, the first great Danish entomologist, who procured 
most of the collection from 1860 to 1870. 

The entomological publication, ‘‘Entomologiske Meddelelser,’’ was 
printed regularly during the war, but was not mailed outside of the 
occupied countries. 

When the war started, all type specimens were removed to safety in 
the surrounding country and none were lost. The Germans, although 
occupying all of Denmark, did not interfere with the museum or its 
workers. A few Windows in the museum were broken by the flak from 
exploding shells in the vicinity, but no real damage was done to the 
exhibitions or the study collections. 

AARHUS, DENMARK: The Naturhistorisk Museum, on the campus of 
the University of Aarhus (in Jutland), is of no great importance, but is 
used in connection with university classes in various courses in natural 
history. The German soldiers did not molest it in any way. 

OsL_o, Norway: The Zoologisk Museum has a good collection of 
Arctic mammals, birds, and insects. There is also a fine collection of 
South Polar birds, and a fairly good collection from the Galapagos 
Islands. The Norwegian insect collection is very good, especially the 
Coleoptera and Lepidoptera. 

Prof. Dr. Lief Reinhardt is the entomologist. His specialty is 
Diptera—mosquitoes, yes, mosquitoes in Norway and lots of them. 

They have a good collection of Australian Coleoptera. 

All of the types were evacuated from the museum and hidden in the 
country near Oslo. This applied to all the museums in the city—art, 
archaeology, industrial, geologic, etc. In fact, the Germans took over 
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some of the museums, near the center of the city, for war offices, and in 
so doing they became impatient over the slowness with which the 
buildings were vacated and made ready for them. Some of the indus- 
trial and machine exhibits were destroyed by the Germans. 

‘“The Norsk Entomologisk Tidskrift”’ was published throughout the 
war. Number 3 and 4 of Volume VII came from the press in Octo- 
ber, 1945. 

During the German occupation the Norwegians were compelled to 
print many articles in their journals in German. 

The Zoologisk Museum, as are the other museums in Oslo, is a part 
of the University of Oslo, but it is located across the city from the 
academic center of the University. 

STOCKHOLM, SWEDEN: At the Naturhistorisk Riksmuseets, Prof. Dr. 
Olaf Lundblod is head curator of insects. Dr. Rene Malaise is assistant 
entomologist, and Prof. Rendahl is curator of vertebrates. 

The museum building, a large granite structure, was erected in 
1916, but the collections date back to the early 18-hundreds. 

Prof. Lundblod is a specialist on water mites, and has a very large 
and important collection from all parts of the world. 

The collection of Swedish insects, in fact all Swedish fauna, is very 
complete. There is a fairly good collection of Coleoptera of the world. 
Many of the types of the French collector Cherevolat are included. The 
Lepidoptera collection is mostly old world material, but rather ordinary. 

In 1941 and 1942 it began to look as though the Germans would 
‘take over” Sweden. Accordingly, all type specimens of insects, and 
other groups as well, were evacuated to safety in the nearby country. 
They are now back in place in the museum. Publication of ‘‘Ento- 
mologisk Tidskrift” (Journal of Entomology), begun in 1880, was 
continued without interruption throughout the war. This Journal is 
not a museum publication, but of the Entomological Society in 
Stockholm. 

The Agricultural Experiment Station and the Forest Laboratories 
and Experimental Forest Farms are located on the outskirts of Stock- 
holm. They .have insect collections, and were not disturbed by the 
war activities. 

UPSALA, SWEDEN: A little side trip to Upsala proved very interesting, 
because of the presence of Upsala University and Linnes Hammarby. 

The University Museum of Zoology houses the University Depart- 
ment of Zoology as well as the museum. The museum is chiefly for 
teaching purposes and is the conventional synoptic type, but very good 
for comparative anatomy—skeletons galore! Entomology is a minor 
affair, but present. N. V. Robsten is professor of comparative anatomy 
and histology. S. Horstadius is assistant professor of zoology, and Dr. 
Bengt Hubendick is assistant zoologist, specializing in Mollusca. 

The University of Upsala Library is very interesting, because it 
contains many editions of Linnés 176 titles. In fact, there is a complete 
section set aside as Linné’s room. In it Fil. Dr. Arvid H. J. Uggla, the 
chief librarian of the University, has gathered an enormous quantity of 
materials—books, booklets, portraits, letters and personal belongings 
of Linné. Dr. Uggla is the outstanding biographer of Linné. 
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About ten kilometers from Upsala is Linné’s Hammarby—his sum- 
mer home for twenty years, 1758-1778. The house, garden, the little 
museum and workshop, precisely as it was left by Linné, sits on a slope 
at the edge of a beautiful grove of evergreen trees, many species of 
which were introduced by Linné. The garden contains many exotic 
species of shrubs and flowers—just the kind of a place one would expect 
‘‘the father of systematic biology” to have lived and worked in. 


SUMMARY 


This report includes observations on the insect collections in 48 
museums scattered throughout eleven countries in Europe, viz., Eng- 
land, France, Belgium, Holland, Denmark, Norway, Sweden, Austria, 
Czechoslovakia, Hungary, and Germany. 

Of the 48 museum buildings included in this report, 18 were totally 
destroyed, four were partly destroyed, and 26 were left unharmed. 

Of the 48 insect collections, six were totally destroyed, six were very 
badly damaged, and 36 were unharmed. 

The German museums were, of course, the hardest hit, 16 of the 18 
destroyed buildings being in Germany. Yet the Germans saved most of 
their collections by evacuating the collections and books to out of the 
way mountain retreats where they were housed in hotels, castles, or 
specially constructed buildings. This evacuation began as early as 1938 
and included all of the great collections. 90 per cent of all the insects in 
the 48 museum collections reported on were saved; 95 per cent of the 
type specimens were saved. 

Most of the European entomological publications continued through- 
out the war. The scientific publications of Germany poured from the 
press as late as March 1945, and a surprisingly large number of color 
plates were used to illustrate these journals. Good, enameled book 
paper was used freely in Germany throughout the war. 


A REVIEW OF THE NORTH AMERICAN SPECIES OF PHILANTHUS, 
NORTH OF MEXICO (HYMENOPTERA: SPHECIDAE), by R. W. 
STRANDTMANN. 126 pages, 8 plates, 1946. The Ohio State University 
Graduate School Studies, Contributions in Zoology and Entomology, No. 7, 
The Ohio State University Press. Price 


This attractively bound and well-printed little volume with its beautifully 
executed plates is a welcome addition to the literature of the wasps. Although it 
covers only thirty-one species, leaving three as undetermined, it is based on the 
examination of about 5500 specimens and so should stand as an authoritative work. 

Dr. Strandtmann opens his study with a brief treatment of the biology of the 
genus, but the bulk of the book is devoted to its taxonomy. A description of the 
generic characters is followed by the synonymy of the genus, and this by a key to 
the species. Under each species are included the synonymy and bibliography, 
detailed descriptions of both sexes, the locations of types, the number of specimens 
examined and a tabulation of the geographic distribution. A brief discussion of 
salient characters and comparison with other species will be helpful in the use of 
the book. 

Three of the plates figure adults of nine species, two figure faces, one antennae 
and a few other details and two are devoted to male genitalia. All are very well 
drawn and reproduced. 

As an example of scientific publications from University Presses the volume is 
worthy of emulation.—A. W. L. 





REARING OF THE BLOWFLY, PHORMIA REGINA 
MEIGEN, ON A STERILE SYNTHETIC DIET 


DAVID L. HILL, VERNON A. BELL anp LEIGH E. CHADWICK, 
Medical Division, Army Chemical Corps, 
Edgewood Arsenal, Maryland 


It has been found desirable in this laboratory to attempt to rear the 
blowfly, Phormia regina Meigen, under conditions which avoid the 
stench and other undesirable features associated with the putrefying 
meat on which the larvae ordinarily are fed. In particular, a method 
was required which could be depended upon to produce a stock which 
would be more uniform physiologically and hence more suitable for 
comparing the effectiveness of candidate insecticides or for studying 
their mechanism of action. 

At one time very elaborate methods were developed (White, 1937; 
Haub and Miller, 1932) for asceptic culture of the larvae of these flies 
which were used in the treatment of osteomyelitis. A few sterile culture 
methods have been described (Michelbacher, Hoskins, and Herms, 1932; 
Lennox, 1939; Fletcher and Haub, 1933) in which meat or other media 
in various forms have been used. Little has been reported concerning 
attempts to provide a synthetic diet under sterile conditions. Brown 
(1938) in his paper on nitrogen metabolism in Lucilia sericata (another 
species of blowfly) has reported using casein, yeast, agar, lanolin, and 
salt mixtures in the rearing of his experimental material. 

In the method to be reported here, the principles set forth by Brown 
have been followed, with extensive modifications of technique for 
application to the rearing of Phormia for the purposes mentioned above. 


CULTURE METHOD 
Materials 

(a) Preparation of medium. The medium includes the following 
constituents: powdered casein, brewers’ yeast powder and powdered 
agar in proportions of 30 :3 :1, to which mixture is added lanolin and 
a modified Belar solution containing phosphate. 

For convenience in preparation, the dry constituents have been 
combined in the following manner: 

630 gm. casein, 63 gm. brewers’ yeast and 21 gm. powdered agar 
were placed in a large fiber drum and shaken until thoroughly mixed, 
after which 30 gm. aliquots of the mixture were put into the half-pint 
milk bottles used as the culture vessels. To each bottle was then 
added about 3 gm. anhydrous or 4 gm. hydrous lanolin, followed by 
60 cc. of a modified Belar solution. This solution was prepared by 
adding to one liter of water in the order given: 1.8 gm. NaCl, 0.04 gm. 
CaCle, 0.04 gm. KCl, 0.04 gm. NaHCO, 1.35 gm. NaH,PO,.H.O, and 
1.55 gm. KeHPO,. Each salt was allowed to dissolve before the next 
was added. Finally, the volume was diluted to 2 liters. 

After addition of the salt solution to the culture bottles the latter 
were plugged with non-absorbent cotton and autoclaved for 15 min. at 
15-17 lbs. pressure. 
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Procedure 

(a) Obtaining and handling of the eggs. A culture bottle prepared 
as outlined above should maintain the larvae hatching from about 500 
eggs. The eggs are collected and transferred to the culture bottles in 
the following manner. Into the breeding cage of fertile adult flies is 
placed a chunk of ground horse meat (roughly cubical, 3 to 4 in. on a 
side), on which oviposition will occur. The meat is allowed to remain 
in the cage for only the 24-hour period between egg collections. At the 
end of this time the eggs are removed from the surface of the meat with 
forceps or needles and placed in 2% NaOH for 15 to 20 min. This 
separates the eggs from each other and from traces of the meat. The 
NaOH is then carefully decanted from the eggs and the latter are rinsed 
in 70% ethanol. The ethanol is poured off, additional 70% ethanol 
added, and allowed to remain for 15 minutes, at the end of which time 
the eggs are sufficiently sterile for introduction into the culturel bottles. 

If the eggs are drawn from the ethanol into a medicine dropper or 
pipette with long tapered delivery, they will settle out and pack near 
the opening. A few trials will locate quite accurately the level which 
represents approximately 500 eggs and this may be marked on the 
pipette for future reference. The eggs are then transferred to the cul- 
ture bottles rapidly and preferably beneath a shield which provides a 
space free from draughts and outside contamination. The seeded 
bottles are closed at once with a sterile cotton plug. 

(6) Larval development. At 25° C. and 70% relative humidity the 
eggs will hatch in less than 24 hours. For the first day or two the young 
larvae will wander, seemingly aimlessly, over the sides of the bottle and 
the surface of the medium. By the end of the second day, clustering 
takes place, usually at some point on the side of the bottle at the edge of 
the medium. Feeding continues until about the 8th day and it is 
only in the latter half of this period that rapid increase in size occurs. 
Frequently during the middle of larval development the culture may 
become too moist, with the result that the larvae tend to congregate 
just below the plug instead of continuing to feed. This migration may 
also occur at any time if too many larvae are present. 

Migration away from the food because of excess moisture can usually 
be anticipated from the formation of a film of moisture on the inside 
surface of the bottle. At this time the plugs should be removed and 
autoclaved sawdust poured in until it is packed loosely to a level about 
2 cm. below the top of the bottle. Covering the bottle with a disc of 
fine-meshed wire (40-80 mesh) is now advisable. The sawdust absorbs 
the excess moisture, driving the larvae back into the medium, and 
likewise functions as a sterile plug for the remainder of larval develop- 
ment. The sawdust should not be added earlier than just described, 
because the very young larvae may be attracted into it by food dis- 
solved in the moisture which it absorbs. This food is soon used up and 
the young larvae seem incapable of re-establishing themselves on the 
medium below. The result is then a very non-uniform larval culture. 

If it happens that more eggs are introduced originally than can be 
maintained as larvae on the amount of medium supplied, the medium 
will be consumed before the larvae are full grown and they will then tend 
to congregate at the top of the bottle. The culture may be saved by 
transferring these larvae to a fresh bottle. This is most easily accom- 
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plished by passing the old medium through a wire sieve so as to con- 
centrate the mass of larvae in the smallest volume possible. After the 
larvae have been transferred, they should be covered with a fresh plug 
of autoclaved sawdust. 

« At about the 8th day the larvae will cease feeding and pass into a 
resting or prepupal stage. Prior to this they become very active and 
migrate through the entire contents of the bottle, mixing them thor- 
oughly before coming to rest. If an appreciable amount of food remains 
unconsumed at this time, the result is a sticky wet mass of sawdust in 
which pupation is very irregular and in which many prepupae or mature 
larvae may remain unchanged for days. The percentage of emergence 
under these conditions is much less than when the sawdust remains 
dry. Ideally, therefore, the amount of medium supplied originally 
should be that which will just be used up at the time the prepupal 
migration occurs. 

At maturity it is advisable to remove the larvae from the culture 
bottle and place them with about 14 inch of sawdust in a large shallow 
pan from which they can not crawl out. If the larvae are mature they 
will pass into the prepupal stage almost at once, and will pupate 
uniformly shortly thereafter. 

(c) Care and handling of pupae. At 25° C. and 70% relative 
humidity the duration of the pupal stage is five to six days, emergence 
being on the fifteenth or sixteenth day after the eggs are laid. After 
sufficient pupae for breeding stock have been removed for emergence in 
the breeding cages, the remainder may be set up for future experimental 
use. The following method has been found convenient for this purpose: 

One hundred or more pupae are placed in a small cup which has 
been mounted securely on one end of a piece of plywood, 1.5.x 6 in. 
A similar cup on the other end of the support contains sugar and water. 
A piece of paper toweling is laid on the water surface. The cups may 
be of any convenient waterproof material but should be of not less than 
20 cc. capacity and of such shape that the whole assembly will fit easily 
into a 1l-qt. Mason jar laid on its side. A No. 7 short taper cork is 
fastened to the underside of one end of the plywood support; the other 
end rests in the neck of the jar. The mouth of the jar is covered with 
a wire screen disc held in place by the jacket of an odinary two-piece 
Mason jar lid. The screen is pierced by a small hole, fitted with a cork, 
through which a pipette may be inserted to replenish the water in the 
cup containing the sugar solution. This cup should therefore be toward 
the mouth of the jar, and the pupae toward the rear. When the jars 
are made up, they are placed in a rack to avoid rolling of the jar and 
spilling of the contents of the cups. 

The use of this assembly minimizes the amount of handling otherwise 
needed in gathering flies for experimental purposes. It also has the 
advantage that all flies may be used, so that it reduces the number 
which needs to be cultured. Collection of flies from a large cage is diffi- 
cult unless the cage contains several times the number of flies needed. 

(d) The adult. On emergence, the young adult flies must be sup- 
plied with sugar and water. If they are to be used for breeding, fresh- 
ground horse meat should also be furnished daily. Cages of any con- 
venient size and construction may be used for the maintenance of 
breeding stock, and repopulated by the addition of fresh pupae as 
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required. On a meat diet oviposition should start by the end of the 
first week after emergence. It has been found that breeding cultures 
are maintained in better condition when a halved orange is available 
in each cage. Best results are obtained when the flies are not over- 
crowded. About 300 flies per cubic foot of cage space is a satisfactory 
number. An indication of overcrowding is an almost continuous buz- 
zing noise in the cage. A cage containing 600 mature adults will pro- 
duce sufficient eggs to seed 2 bottles daily, without requiring undue 
waste of time in removing the eggs from the meat. 


DISCUSSION 

The necessity for a number of the precautions which have been 
given in some detail above lies in the variability of the percentage hatch 
of the eggs obtained from such a culture. The causes for this variation 
are not known, but the percentage of eggs hatching may range from 
about 50% to nearly 100%. Some flexibility in the handling of the 
larvae is therefore required. For example, if the total number of eggs 
placed in a culture bottle were to emerge, an early transfer of the cul- 
ture to fresh medium would be necessary for the completion of develop- 
ment. On the other hand, a hatch as low as 50% would necessitate the 
removal of the mature larvae from the bottle at the time migration 
commences in order to ensure uniform pupation. 

When these factors are recognized and dealt with suitably, a remark- 
ably uniform and healthy culture of flies is obtained. Adults from 
such a culture are running some 20% to 25% higher in weight than 
those formerly obtained from contaminated meat. Greater uniformity 
in the response to treatment with insecticides has also been noted, so 
that the number of tests required for significant comparisons has been 
considerably reduced. The reduction in disagreeable odor, provided the 
cultures are kept free of bacterial contamination, is also a considerable 
advantage, since it removes the necessity of keeping the culture in a 
separate room with special ventilation. 


CONCLUSIONS 

A method has been developed for rearing the blowfly, Phormia 
regina Meigen, on a sterile synthetic medium. 

The advantages of this method over the use of the natural medium, 
putrid meat, are ease of handling, relative freedom from disagreeable 
odor, and the production of a more uniform and healthy strain of flies 
for experimental purposes. 
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DESCRIPTION OF A NEW MYMARID WHICH 
PARASITIZES THE EGGS OF THE 
SARATOGA SPITTLEBUG! 


H. E. MILLIRON, 


Bureau of Entomology and Plant Quarantine, 
Agricultural Research Administration, 
United States Department of Agriculture 


An interesting new mymarid and an aphelinid to be described later 
were discovered during the late summer of 1946 at Lakewood, Wis- 
consin, while a study was being made of the Saratoga spittlebug, 
A phrophora saratogensis (Fitch) ; both appear to be undescribed. 

In the following description of the mymarid F-I to F-VIII refer to 
the segments of the antennal funicle, while M (marginal), Sm (sub- 
marginal) and Pm (postmarginal) refer to the wing veins. 


Ooctonus aphrophorae, n. sp. 


Female.—Entire length in natural position, including ovipositor, 
about 1.4 mm.; head and thorax, 0.67 mm.; petiole, 0.19 mm.; remainder 
of abdomen, 0.95 mm.; ovipositor sheath, 0.21 mm. Head when viewed 
from above sub-rectangular, one and two-thirds times wider than long, 
polished, microscopically reticulate-punctate on the vertex and front, 
the occiput, genal, and postgenal areas mostly with weak irregular 
reticulate sculpture; mandibles tridentate; eyes with inconspicuous, 
sparse, short cilia; scape, including radicula, as long as or longer than 
combined lengths of pedicel, F-I and F-II, compressed and slightly 
bent, narrow at the base, wider through the middle and attenuated at 
the apex; pedicel from lateral aspect twice as long as thick, equal to F-I 
plus about one-third F-II; F-I to F-V almost equal in length, each a 
little more than twice as long as thick, each increasing but slightly in 
thickness; F-VI shorter than either F-V or F-VII and less than twice as 
long as thick; F-VIII but slightly shorter than F-VII, neither twice as 
long as thick; club solid with distinct linear placoid sensilla, approx- 
imately three times as long as thick and slightly longer and thicker than 
the last three funicular segments combined. Thorax narrower than 
head, about one and two-thirds times longer than wide, shining; meso- 
scutum finely reticulate; axillae broadly united and with sculpture sim- 
ilar to that of mesoscutum; mesoscutellum with distinctly coarser more 
irregular reticulations; parapsidal grooves not deeply impressed but 
weak or poorly defined; metanotum irregularly sculptured with few 
minute carinae extending forward from posterior margin and a stronger 
complete lateral longitudinal arcuate carina; sides of thorax mostly 
smooth and polished; propodeum feebly irregularly sculptured and with 
prominent carinae, the branches of the median carina forming a more- 
or-less vertical diamond, truncate below, the lateral angle connected by 
a short transverse carina to a lateral carina. Petiole smooth, a little 
more than three times as long as its greatest thickness, strongly bent 


1The writer is indebted to A. B. Gahan, of the Bureau of Entomology and 
Plant Quarantine, for checking the manuscript. 
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and constricted at the base ,so that almost its entire length lies between 
the coxae when in natural position; abdomen smooth and polished, 
compressed and somewhat blade-shaped anteriorly, depressed and 
sharply pointed posteriorly, attached on its dorsal margin to petiole 
with approximately one-sixth the total length projecting forward, so 
that at least one-half or more of the abdomen lies beneath the head and 
thorax when in natural position. Coxae moderately large, the legs 
somewhat long and slender; first segment of hind tarsus about as long as 
the second and third combined. Forewing about two and seven-tenths 
times as long as wide, subtruncate along the outer margin, evenly and 
densely ciliate except bare at extreme base, the longest marginal cilia 
approximately as long as one-seventh the greatest wing width; Sm thin, 
twice as long as M; Pm discernable in a furrow behind anterior wing 
margin for a distance about equal to one-half the length of M, gradually 
narrowed to a fine point; hind wing about fourteen times as long as 
broad, rather densely ciliate, the longest marginal cilia about one and 
one-half times the greatest wing width. Antenna and legs moderately 
densely pubescent, the head and remainder of body sparsely so. Color: 
Uniformly shining black except pedicel beneath and all tarsi are yel- 
lowish. Wings subhyaline, the veins brown. 

Male.—Length about 1.29 mm.; head and thorax, 0.74 mm.; petiole, 
0.18 mm.; remainder of abdomen, 0.45 mm. Head similar in shape and 
sculpture to that of female; eyes with short, sparse, inconspicuous cilia; 
antenna longer than the body and a little longer than the forewing, 
the segments beyond the pedicel with conspicuous parallel linear placoid 
sensilla; scape compressed, bent, narrowest at base, widest through the 
middle and tapering distally, longer than any other segment but sub- 
equal to pedicel and F-I combined; flagellum mostly uniform in width, 
the distal segments tapering gradually; pedicel approximately three- 
fifths as thick as long, and one-half to two-thirds as long as F-I; F-I 
usually distinctly shorter than F-II and subequal to F-III; F-II to 
F-VIII all equal or nearly so; last three segments of flagellum only 
slightly shorter than the preceding segments and nearly equal to each 
other. Thorax similar in shape and sculpture to that of the female except 
sculpture on posterior two-thirds of mesosuctellum similar to that of 
mesoscutum, that on the anterior one-third finer; metanotum variously 
sculptured with minute carinae posteriorly and a stronger arcuate 
carina laterally; propodeum with a carinate pattern like that of the 
female but often not otherwise distinctly or strongly sculptured. Petiole 
subcylindrical, smooth, narrower anteriorly, about four times as long as 
its greatest thickness; abdomen from above diamond-shaped, from 
lateral aspect somewhat triangular (often much depressed), smooth 
and polished; genitalia usually exposed. Forewing two and one-half 
times as long as the greatest wing width, longer and wider than that of 
the female; Pm visible for a distance about equal to the length of M, 
and located in a more distinct furrow; hindwing about sixteen times 
longer than the greatest wing width, the longest marginal cilia longer 
than twice the greatest width; ciliation of wings otherwise similar to 
that of female. First segment of hind tarsus slightly shorter than the 
following two segments combined. Pubescence similar to that of 
female except the antenna with shorter and sparser hairs. Color: Like 
that of female. 
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Variations (Female). The scape sometimes appears longer than 
usual, and may be subcylindrical, its thickness being less than is typical. 
The last funicle segment of some females does not appear conspicuously 
shorter than the preceding. The metanotum, and the propodeum except 
for the prominent carination, may be only faintly sculptured or smooth. 
The petiole, which varies slightly in length, may be as long as 0.21 mm. 
Perhaps the most obvious structural variation has to do with the length 
of the ovipositor sheaths which range from 0.126 to 0.266 mm., the 
average being near 0.14 mm. There is little variation in size of female 
specimens. 

The darkest females are almost entirely black except the extreme 
distal ends of the tibiae and the basal segments of the tarsi, which are 
yellowish brown. 

(Male). The segments of the antenna are somewhat variable. Some- 
times F-II and F-III appear equal, and F-I may be equal to F-III and 
very nearly as long as F-II. The metanotum may be irregularly 
reticulate rather than carinate, or weakly sculptured to almost smooth 
with a prominent lateral carina. The propodeum may be smooth 
between the carinae and the diamond formed by the branches of the 
median carina may not be truncate below. The petiole ranges in length 
from 0.154 mm. to 0.182 mm. Often the abdomen retains its natural 
shape, in which case from the lateral aspect it appears triangular in 
outline, the sides measuring approximately two-thirds the width of the 
base, with the vertical apex above the center of the base. 

Lighter specimens may have the front femur, the middle and hind 
tibiae, the scape mostly, and the pedicel beneath, light brown, especially 
if examined under strong white light. The darker specimens may have 
the tibiae and the tarsi mostly brown. Infuscation on the tarsi ranges 
from being virtually absent on light males to involving all the segments. 
Males range in length from about 1.24 mm. to 1.33 mm. 

Described from the holotype (female) and allotype (male) and a 
series of 53 male and 84 female paratypes, all reared from eggs of 
Aphrophora saratogensis (Fitch) collected at Lakewood, Wisconsin, . 
between September 18 and 26, 1946, by the writer; all deposited in the 
collection of the United States National Museum. 

Also identified as this species is a series of 17 males and 26 females 
reared from the eggs of the above host collected by the writer in Sep- 
tember 1946 at Lakewood, Wisconsin, and a series of 18 males and 30 
females taken by sweeping jack pines during that period-in the same 
locality. All except a reared series of three females and three males in: 
the collection at the Milwaukee laboratory of the Division of Forest 
Insect Investigations are deposited with the types. 

Type: Cat. No. 58267 U.S. N. M. 

Type Locality: Lakewood, Wisconsin. 


MISCELLANEOUS OBSERVATIONS 


On August 23, 1946, the eggs of A phrophora saratogensis were first 
discovered to be subject to attack by parasites, when old egg shells, 
probably ‘those deposited the previous year, were found to contain 
parasite exit holes. Early in September an old egg was located which 
contained a live parasite nearly ready to emerge. The specimen was 
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preserved in fluid and when later dissected was found to be a male in a 
condition too poor for further identification other than to place it in the 
family Mymaridae. Without question this appeared to have been a 
1945 specimen. Subsequently, fragments of a male of apparently the 
same species were discovered, but not until September 7 was a living 
specimen obtained. A male then emerged from among old eggs, of 
which some were parasitized, in dead red maple twigs collected a few 
days before. For a time after this several males were swept from jack 
pines, and also a few females suspected of being the same species. The 
first reared females which emerged September 12 from old eggs, were 
identical with those collected in the field. Thereafter both sexes were 
reared in large numbers between September 22 and October 12 from 
host eggs collected September 18 to 26. These host eggs were deposited 
during the 1946 season. All adult parasites reared prior to Septem- 
ber 22 had issued from host eggs that had been deposited in 1945. 

The adults are very active in confinement and have been observed 
mating in vials. While they are at rest the flagellum is held in a porrect 
position, but while moving the antennae are constantly kept vibrating 
up and down in rapid fashion. 

Though fresh host eggs were supplied on several occasions, oviposi- 
tion in these eggs was never observed. However, study of host material 
collected in the field showed that parasitized eggs become turgid, some- 
what distorted in shape, and a little larger than unparasitized eggs. A 
characteristic pink spot that is present in the unparasitized host egg 
becomes translocated and soon disappears. The parasitized egg at 
that time is dull whitish pink or lavender, and gradually becomes grey- 
ish blue to bluish black, and finally black. The parasite has been 
observed to exit from either end of the host egg. 

Limited samples of host eggs collected during the third week in 
September showed that parasitization ranged from 8.5 to 9.3 per cent. 
It is believed that examination of samples collected later in September 
and during October would show higher percentages, and that the par- 
asite may be of considerable economic importance as an aid in the 
control of its host. 


THE COLEOPTERISTS’ BULLETIN.—This new publication made its 
appearance on April 1, 1947. The first issue contains a preliminary list of the 
coleopterists of North America, indicating their interests, projects under way 
and exchanges offered and desired. Short articles by Henry Dietrich and Barry 
D. Valentine of Cornell University on the habits of certain beetles are also 
included. 

Plans for the bulletin include expansion among coleopterists of North America 
and foreign countries and general aid for their practical work such as collecting 
notes, reviews of publications, and the location of collections. It will appear ten 
times per year and is edited by Ross H. Arnett, Jr. 

The Bulletin is for the professional coleopterist and for serious amateurs who 
are interested in sound scientific work. It is mimeoprinted. 

Those who are interested are asked to send their names and addresses, with a 
statement of groups being studied, material desired, and other practical informa- 
tion of the kind mentioned above. The subscription price is $1.00 per year. Com- 
munications should be addressed to the Coleopterists’ Bulletin, The Sherwood 
Press, Box 84, Dryden, New York.—A. W. L. 





BIONOMICS OF MONODONTOMERUS MANDIBULARIS 
GAHAN, WITH NOTES ON OTHER CHAL- 
CIDS OF THE SAME GENUS 


PHIL RAU, 
Kirkwood, Mo. 


This Chalcid, M. mandibularis, has only recently been described as 
new by Mr. A. B. Gahan (3),! but previous to the publication of his 
paper the insect has been erroneously called M. montivagus. In my 
paper (6) it is called M. montivagus, and in another publication (7) 
details of its life history are recorded as Monodontomerus sp. The 
material used for both of these papers has been re-exanimed by Mr. 
Gahan, who finds them to be M. mandibularis. There is some reason 
for this confusion, for Mr. Gahan says that this species is difficult to 
distinguish from M. montivagus; and in a personal letter he says that 
M. montivagus is a good species, but apparently occurs only in the 
far West. 

Students of the Chalcid material from the far West, Hicks (2), 
Linsley and McSwain (4) and Mickel (5), working with M. montivagus, 
have compared the biology of the western montivagus with those erro- 
neously named in my papers. Now, since my Chalcids prove to be 
another species, any comparisons can be only analagous rather than 
specific. 

Little indeed is known of the life history of M. mandibularis or of 
its near kin, M. montivagus, and what little has been noted on the life 
of the Chalcids has been incidental to work on their hosts which are 
usually, but not always, Anthophora bees. It was in its relation to - 
Anthophora abrupta that I first became acquainted with M. mandibularis. 

At that time I was impressed by the great disproportion of the 
sexes; the females greatly outnumbering the males. In recent years I 
have often observed both Anthophora and Monodontomerus in the little 
artificial clay bank in my yard, where the following limited observations 
were made. 


PROPORTION OF THE SEXES 


In 1917 (6), I found that of the 218 M. mandibularis which emerged 
from ten Anthophora abrupta cells, 31 were males and 187 females. 
This great disproportion was later confirmed by Dr. C. E. Mickel (5), 
who found the near kin, M. montivagus parasitic on Anthophora occi- 
dentalis; in his experience 94 per cent of the specimens bred from 21 bee 
cells were females. 

On the contrary, Hicks (2) in his examination of M. montivagus with 
a parasitic bee, Pseudomelecta miranda as host, found the reverse to be 
true, for out of 14 M. montivagus from one cell, 11 were males. 

In an attempt to settle the question, I removed a large lump of clay 
from the bank in my yard and amused myself during the winter evenings 
of 1945-46 by carefully removing the A. abrupta cells from it and 
placing each in a separate test-tube, preparatory to examining them 


‘Figures in parenthesis refer to titles in the bibliography. 
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later when the insects all would have emerged. A total of 159 cells 
were thus kept, which later produced the following insects: 


I ccc hice x sda shh RR bse ee aos eeas 121 
Calla With Bl SIGMMIDUNOTES... ow sos i cceccceecees 16 
Cells with pollen but no egg, some fungus-covered... 18 
Cells with small dead bee larvae.................. 4 

159 


The contents of the 16 cells containing M. mandibularis* are tabulated 
here: 














Cell Date of 1946 No. of No. of 
No. Emergence Males Females Total 
1 Po Sakanviascectaevees 1 11 12 
2 Ee ON Sy ahcacuak Watts ee 1 32 33 
3 i OE EO OE 2 18 20 
4 Pa ee Gath s ealag once kaw 1 7 8 
5 MEME ints cancesaantaewes 1 17 18 
6 Soran eeusttiaes 0 7 7 
7 RPCAE hie sputectan wien «atienaents 4 19 23 
8 May 10 1 19 20 
9 Oe ae wee et 1 11 12 
10 RR ee es icclcoas mea 1 15 16 
11 RM eeo oes dec rocdaeeeecs 1 24 25 
12 . 1 16 17 
13 Re ee idtlons 3 21 24 
14 Pig ae es aise wke erlarelere rte 2 19 21 
15 Ry Oe scanners 3 22 25 
16 BW Baa Co aiaies pane tahoe 4 23 27 
PN SS fives swliivetns meu tae ae 27 281 308° 


Here again the preponderance of females is conspicuous. Of the 308 
Chalcids which emerged from the 16 cells, 27 were males and 281 
females, or 91 per cent, which is comparable with the results which 
Mickel obtained for M. montivagus. Nine of my bee cells had but one 
male each of the parasite, and one cell had no males at all. The max- 
imum number of males was four, appearing in only two cases. 

All of the occupants of a cell emerged during one day; this indicates 
(but does not prove) that all in a cell become adult simultaneously, for 
occasionally when I broke open a cell I found the entire population 
fully winged, apparently awaiting an opportunity to leave. They all 
leave by one tiny hole which one of them makes in the mud wall, and 
apparently the crowd awaits the initiative of a pioneer to open the 
way to liberty. 

At first it seemed possible that the predominance of females might 
be due to the weaker males dying in the cells. With this in mind, I 
opened each cell for examination after the Chalcids had emerged, but 
found no dead males except the four listed in the foot-note.* 


?The Chalcids from these cells were identified by Mr. A. B. Gahan. 


8The total includes 2 females and 1 male which were found dead in Cell No. 7, 
2 males found dead in cell 15, and 1 male found dead in cell 16. 
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ROLE OF THE MALE 


Of course we do not know if parthogenesis occurs, or if the race is 
propagated by polyembryony, but regardless of which it may be, I feel 
reasonably certain that here in Missouri Valley at least, the males have 
little to do with the production of future generations. They are seldom 
seen flying in the sunshine in front of the clay bank, as do the robust 
females, and the few which were present were very frail and weak. In 
my cages, they lived only a few days, and were never seen to attempt 
to mate, but the females lived there for up to 22 days. It seems 
improbable that mating occurs in the dark cell before they emerge, 
especially since the females so greatly outnumber the males, as in cell 2, 
where there was only one male to 32 females, or even in cell 6, where 
there were no males at all. 

What we have found in Missouri for M. mandibularis differs from 
that of the western M. montivagus, for Linsley and McSwain (4) found 
that mating does occur, one male often fertilizing several females, and 
also that copulation is preceded by a preliminary courtship, which they 
have interestingly described. 


THE METHOD OF OVIPOSITION 


No one yet knows with certainty how the young Chalcid reaches 
the host, whether the eggs are deposited in the open cells, or whether 
they are dropped near the tunnels and later the ensuing larvae pene- 
trate the hard walls of the brood-cells to reach their hosts. 

The life of M. mandibularis runs parallel with that of its host. For 
example, in 1946, the parasites emerged between April 25 and May 14, 
and the Anthophora bees from April 29 to May 13, both in the laboratory 
and outside in the clay bank. 

During the early days of their lives, both bees and parasites are 
active at the clay bank, the bees mating and making tunnels, and hordes. 
of Chalcids flying about almost constantly before the tunnels. Later, 
the latter often pause to rest on the lumps of clay, and enter the bees” 
burrows and also spend the night there. I am inclined to think that 
it is at these times that the eggs are surreptitiously laid there. The idea 
that the eggs may be scattered promiscuously in the crevices of the 
bank is, I think, scarcely tenable, since the Anthophora make within 
their tunnels distinct cells of hard clay, lined with a varnish-like coating, 
both of which would be extremely difficult for larvae to penetrate. 
Moreover, I carefully examined all of the parasitized cells for marks of 
such penetration, but found none. 


THE NUMBER OF PARASITES WHICH MAY BE SUPPORTED BY ONE HOST 

It is interesting to note the number of Chalcids which may be sup- 
ported by one host Anthophora bee. In this case, the 16 bees nourished 
to maturity 308 M. mandibularis, or an average of 19.2 per host. This 
count agrees well with Mickel’s findings for M. montivagus which were 
detrimental to A. occidentalis, for his study of 21 cells showed an 
average of 19.7 Chalcids. 

If polyembryony be a factor in their multiplying, then we would 
expect a direct relation between the number of parasites and the size of 
the host. There is some indication that such a relation may exist, as 
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for example, when Osmia cordata is host (a bee about half the size of 
A. abrupia), I found (9) the number of M. montivagus per cell in three 
instances to vary from 4 to 6. Linsley and McSwain (4) state that when 
the host is a mutillid wasp, Photopsis, only half as many M. montivagus 
emerge as from a normal cell of Anthophora. Photopsis is apparently 
much smaller than A. linsleyi, since it is a secondary parasite upon it. 
It is clear that under this heading are involved at least a half-dozen 
important biological problems which are worthy of further study. 


HOSTS OF M. MANDIBULARIS 


I have found enormous numbers of these Chalcids at the clay bank 
at Wickes, Missouri, year after year (7), where more than a dozen differ- 
ent kinds of their possible hosts nested, but I never made a complete 
list of them. By way of apology, I might say that a complete survey in 
quest of this knowledge would have meant too great a destruction of the 
clay bank, which was too valuable for other studies. However, the white- 
banded bees, Entechnia taurea, were just as abundant there as were the 
A. abrupta, and although they appeared a little later, the former could 
easily have been parasitized. In fact, Gahan (3) reports an actual case 
of such parasitism. 

In the light of Mr. Gahan’s recent study, it is quite likely that the 
species involved in the record of parasitism in the bee Osmia cordata is 
M. mandibularis. In the record (14) the name of M. montivagus is 
undoubtedly incorrect, since others at about that time that were so 
named proved to be M. mandibularis. It is therefore quite justifiable 
I think, to add Osmia cordata to the list of hosts of M. mandibularis. 


HOSTS OF M. MONTIVAGUS 


I have bred M. montivagus also from the cells of the bee Osmia 
cordata (9), and in Mexico found them (11) in the cells of the resin-bee, 
Megachile peruviana, and Mickel (5) finds them parasitic on A. occi- 
dentalis. Hicks (2) has bred them from A. neomexicana as well as from 
Pseudomelecta miranda which is itself a parasite on A. neomexicana. 
Linsley and McSwain (4) find that they infest A. linsleyi, and are also 
secondary parasites on the Mutillid wasp Photopsis auraria Blake. In 
addition to this one and only reference to a wasp as host, I have bred 
them from the cells of wasps Stenodynerus mysticus (13), and from the 
mud-wasp, Trypoxylon pallidtarsus (12). The hosts and parasites of the 
last two were brought from Mexico. 

To summarize then, we might say that so far, M. mandibularis is 
known only as a primary parasite on Entechnia, Osmia and Anthophora 
bees, but that M. montivagus is both a primary and a secondary para- 
site, and its hosts may be wasps as well as bees. 


HOSTS OF M. OBSCURUS WESTWOOD 

This Chalcid, determined by Mr. A. B. Gahan, was bred from a 
cocoon of Osmia lignaria in 1939. This cocoon was in an old mud- 
dauber’s nest taken at Wesco, Missouri. Also in 1945 several adults of 
M. obscurus were taken at the clay bank in my yard, evidently having 
been brought in with Osmia cocoons in mud nests. The parasite on 
Osmia cordata referred to as Monodontomerus sp. (9) proved also to be 
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M. obscurus (3). Dr. Gahan (3), after discussing the taxonomic position 
of this insect, says: 

‘‘This species apparently has not been previously recognized from 
America. In Europe it is variously recorded from hymenopterous, 
dipterous, and lepidopterous hosts. Among the hymenopterous hosts 
[in Europe] there are at least 3 species of the genus Osmia.” 

This indicates that this European parasite is becoming naturalized 
in America and has penetrated the portals of at least two species of 
Missouri Osmia bees. 


HOSTS OF M. MEXICANUS GAHAN 


The Chalcid referred to as M. n. sp., parasitic on the mud wasp, 
Trypoxylon mexicanum, (10) and the aphid-wasp, Passaloecus pusillus 
(11) as well as on the resin-bee, Megachile peruviana (11) have 
been named by Mr. Gahan, M. mexicanum (3). These Mexican Chal- 
cids, we may note, are parasitic on both bees and wasps. 


THE NUMBER OF GENERATIONS EACH YEAR 

In Missouri, M. mandibularus hibernate as immature insects within 
the heavy masonry walls of A. abrupta, and at the end of April or early 
May emerge as adults in great numbers, where they frolic and dance 
before the cells of their hosts, who appear at about the same time. The 
life of the parasite parallels that of the host, and both disappear in 
mid-July, when the dead bodies of both may be seen strewn about the 
clay bank. 

I suspected that there was but one generation each year, but was 
surprised to find that during the years 1917, 1918 and 1920 (7), when I 
was able to spend much time at the clay bank, that a second crop 
appeared early in September which stayed on until cold weather. Seeing 
this second crop after a lapse of four or five weeks led me to conclude 
that there are two generations a year. In support of this idea, I later 
found (8) in a cell removed from the bank as late asJune 28, twenty M. 
mandibularis in the pupal stage, and also from several cells brought 
indoors on June 24, 1920, I bred adults on September 2. In addition to 
this, the near relative, M. montivagus which emerged from the cells of 
Trypoxylon pallidtarsus did so in early August (12), and those of M. 
montivagus which emerged from the cells of Stenodynerus mysticus (13) 
did so between August 28 and September 5. 

It seems there is some justification for interpreting this discontin- 
uous emergence as representing two or more generations a year. On the 
other hand, it is more likely that the Chalcids gave this appearance 
because various ones parasitized various hosts as the hosts appeared in 
succession in the clay bank, and since the development of the young 
parasite depends upon the growth of its food supply, it must perforce 
parallel the development of its host and emerge at the same time. It is 
interesting to note in this connection that in the clay bank at Wickes 
(7), where a dozen species of hymenoptera lived at various times during 
the summer, I found the discontinuous appearance of the parasites, but 
in the small clay bank at home, where they had little to choose as hosts 
but A. abrupta, there was only one generation a year which came and 
went simultaneously with their hosts. 
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If there is but one generation per year, it would indicate that the 
eggs are laid in the host cells when the tunnels are wide open, and that 
different broods appear at different times according to the appearance 
of their various hosts. 


CONCLUDING REMARKS 


Dr. Mickel, in 1928, said, ‘‘There is practically nothing known about 
the life history of M. montivagus. The number of generations per year, 
how it gains entrance to the cells of the bees, how and where it lays its 
eggs, how the larva develops, the possibility of the insect being poly- 
embryonic and parthenogenetic, whether it is restricted to Anthophora 
bees in its parasitic relations, or whether it may be both a primary 
parasite and a secondary parasite, and whether one species of Mono- 
dontomerus parasitizes several species of Anthophora, or whether each 
species of the latter has its own species of Monodontomerus, all are 
questions which would bear investigation.” 

This paper does little, I fear, to satisfy the challenge of Mickel’s 
inventory. The great bulk of the bionomics of this parasite remains yet 
to be worked out. However, since Mickel wrote, a few of these points 
have been cleared up by Linsley and McSwain, and by myself. To sum- 
marize these points, we now know that M. montivagus is both a primary 
and a secondary parasite, but as far as we know, M. mandibularis is 
only a primary parasite. In both species, the females are greatly in 
excess of the males in numbers. M. mandibularis is parasitic on at 
least three species of bees, but M. montivagus parasitizes both bees and 
wasps. M. mexicanus also parasitizes both bees and wasps. 
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STUDIES ON ARTHROPOD CUTICLE 


I. THE DISTRIBUTION OF CHITIN IN LEPIDOPTEROUS SCALES, 
AND ITS BEARING ON THE INTERPRETATION OF 
ARTHROPOD CUTICLE.!? 


A. GLENN RICHARDS, 


Division of Entomology and Economic Zoology, 
University of Minnesota 


A few years ago Anderson & Richards (1942) reported that the 
brilliant iridescent blue scales of the tropical butterfly Morpho cypris 
contain no chitin. The report, incidental to a study of scale architecture, 
was based on the usual test of solubility in hot concentrated alkali but 
also included the fact that electron micrographs of less drastically 
treated scales showed intermediate stages of dissolution. Being 
desirous of knowing whether or not this is generally true of insect scales, 
the present author performed tests on a series of specimens representing 
109 species of 103 genera and 45 families of Lepidoptera in addition to 
scales of a mosquito and silverfish.* Results were highly variable from 
one species to another and not always easy to duplicate. We were 
forced to conclude that lepidopterous scales may contain either large 
amounts or small amounts or no demonstrable chitin. 


METHODS 


Several techniques were used. Routinely, for the majority of the 
data presented in the table, the Van Wisselingh (1898) sealed tube tech- 
nique was used. Scales scraped from the wing or more commonly pieces 
of wing with scales attached were sealed in Pyrex glass tubes in a con- 
centrated solution of alkali containing 400 grams of reagent grade 
pellets assaying 85% potassium hydroxide to 250 milliliters of distilled 
water. The tubes were heated in a glycerine bath to approximately 
160° C. for 15 minutes. After cooling, the tubes were broken open, the 
contents poured into a watch glass and examined microscopically. 
Selected scales, if any could be located, or pieces of wing membrane 
that might bear scales were then washed either in water or alcohol 
and tested for chitosan by the iodine-sulfuric acid method (see 
Campbell, 1929). 

In numerous cases of darkly pigmented scales the alkali treatment 
did not remove enough color to permit seeing the chitosan color test. 
Such dark scales were bleached in potassium permanganate followed by 
sodium bisulfite before applying the iodine test. 

In all cases tests were replicated at least once. All cases giving neg- 
ative or variable results were tested repeatedly. 


1Paper No. 2302, Scientific Journal Series, Minnesota Agricultural Experiment 
Station, St. Paul 1, Minnesota. 

2The work described in this paper was done under a contract between the 
Medical Division of the Chemical Warfare Service and the University of 
Minnesota. 

3Acknowledgement is made of the assistance of Mr. Ben Onodera in making 
some of these routine tests. 
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In addition to alkali treatments we used several strong oxidizing 
agents to purify the chitin by oxidation of the protein and other com- 
ponents. Solutions used were 30% hydrogen peroxide, 1% potassium 
permanganate, and diaphanol (saturated solution of chlorine dioxide in 
50% acetic acid). Treatment with these oxidizing agents was in sealed 
glass ampoules in the dark. Since Fraenkel & Rudall (1940) have 
shown that even diaphanol, the strongest of these, requires about 
9 weeks to purify chitin, we used them at room temperatures for periods 
up to 12 weeks. 

The value and validity of these various tests will be discussed in a 
later section. 


THE OCCURRENCE OF CHITIN IN SCALES 

A summary of the data obtained is presented in tabular form with 
the species arranged in systematic order. The listing follows that of the 
most recent checklist of North American Lepidoptera with the rel- 
atively few exotic species inserted in appropriate places. Identifications 
were made partly by the author and partly by selection of specimens 
from series identified by other specialists. 

There is already a voluminous literature on lepidopterous scales, 
especially as relates to the comparative morphology and developmental 
genetics of pattern formation. The present point is not covered in this 
literature although the assumption is commonly made that scales are 
‘‘chitinous” and even that they may show different degrees of ‘‘chitin- 
ization.”” For a recent review of the field see Caspari (1941). 

Examination of the table shows that in slightly more than half of 
the species studied seemingly all of the scales were resistant to the hot 
alkali and subsequently gave a positive chitosan color test. In other 
words, such scales give a strong positive qualitative test showing the 
presence of a considerable amount of the chemical chitin. In only a 
very few cases were all of the wing scales regularly destroyed by alkali; 
these would be said to contain no chitin or, to be more exact, to be 
negative for chitin by the classical van Wisselingh test. In a consid- 
erable number of species some one or more scale types was regularly 
destroyed by alkali but other scale types on the same wing were 
resistant to alkali and gave a positive chitosan color test. In a number 
of cases a given scale type was sometimes destroyed by the alkali but 
other times not destroyed; such scales when not destroyed give a positive 
chitosan color test. These will be discussed in the next section. 

Study of the tabular data shows that it is difficult to draw any 
general conclusions correlating the presence of chitin with any particular 
type of scale. Obviously there is no significant phylogenetic correlation. 
One can point out that dark scales containing a large amount of 
melanins always gave a positive test for chitosan (after bleaching). 
Iridescent scales are usually destroyed but at least Chlorippe seraphina 
is an exception. There may well be other exceptions since in cases such 
as Papilio philenor where an iridescence overlies a black ground we could 
not be sure what happened. We did frequently note that scales of the 
hind wing are more likely to be destroyed than those of the fore wing, 
that scales from the center of the wing are more likely to be destroyed 
than those around the margin, and that intensely pigmented scales 
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usually give a positive reaction. As the work proceeded we found that 
we could not predict what was going to happen with the next species 
except that black scales were always found to be positive. 

The most intensive work was done with the two species of Morpho. 
The series of electron micrographs showing progressive dissolution of 
the scales of Morpho cypris with increasing alkali treatment seems to 
the author unquestionable evidence that these scales are indeed readily 
destroyed by alkali treatment (Anderson & Richards, 1942). The 
iridescent scales of M. peleides are also destroyed by lower concentra- 
tions and temperatures (e. g. 8 per cent NaOH at 85° C. for 15 hours). 
These scales do not, however, lose their iridescence on prolonged diges- 
tion in a 10 per cent pepsin solution even, after preliminary refluxing 
with boiling chloroform. The iridescent scales of M. peleides are 
destroyed by even relatively short treatments with the oxidizing agents 
which are not known to affect chitin. The non-iridescent brown scales 
of these species of Morpho are not destroyed by either hot concentrated 
alkali or by oxidizing agents and give a positive chitosan color test. 
Accordingly whether one relies on the classical van Wisselingh- 
Kihnelt-Campbell hot alkali methods or the Schulze-Kunike-Koch 
diaphanol method, one has to conclude that the iridescent scales of these 
species lack chitin while the non-iridescent scales contain chitin. 

A few other species were also tested with diaphanol. After 514 weeks 
treatment all the scales except the marginal fringe were gone from the 
wing of Euchloe olympia, the iridescent scales but not the other scales 
were destroyed on the wing of Afélides halesus, but there was no dissolu- 
tion of scales from the wings of Phryganidia californica or Alypia octo- 
maculata. There is, then, fairly close agreement between dissolution by 
hot alkali and by prolonged treatment with diaphanol but the alkali 
treatment is inclined to be more destructive. 

Incidentally, using Galleria mellonella it was shown that these scales 
first develop in the pupa into characteristic types without any chitin 
being detectable (readily destroyed by alkali) but then about the time 
the pattern is becoming visible on the unpigmented wing chitin begins 
to be detectable. Scales from the adult wing give a strong chitosan test. 
The parallel to the development of the cuticle of the body wall is 
obvious.‘ 


‘Incidentally, the author has shown the same sequence for development of 
| the larger tracheae of Blatta orientalis L. 


TABLE I 


DATA ON LKALI SOLUBILITY AND CHITOSAN COLOR TESTS OF THE SCALES OF 
VARIOUS SPECIES ARRANGED SYSTEMATICALLY 
(F=fore wing; H=hind wing) 


| FaMILy GENUS AND SPECIES WING Duscave Bt Posrrivs 
Hort ALKALI Curtosan TEST 
Papilionidae.....| Papilio philenor L................ POE FW vs kc ce ncceeacns Dark scales 
Papilio glaucus L..............4.. F Some yellow........... Black & yellow 
Papilio marcellus Cram........... Be (vid dvecandeisvecduavese! All 
Parnassius smintheus D. & H..... PE Bik wea canceuoennkcdendn All 
Troides rhadamantus Lucas....... BE Rivckscdcwuhacdentcunnns All 





FAMILY 


Danaidae........ 
Satyridae...... 


Nymphalidae... 


Morphidae....... 
Libytheidae..... 


Riodinidae...... 


Hesperiidae... .. 


Sphingidae...... 


Saturniidae...... 


Citheroniidae.... 
Amatidae...... 
Nolidae........ 
Arctiidae........ 


(= Noctuidae) 
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GENUS AND SPECIES 
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Pieridae......... 


Euchloe olym pia rosa Edw 


Appias nero domitia Feld......... 


Pieris rapae L 


Enodia portlandia Fabr 
Megisto eurytus Fabr 
Coenonym pha ochracea Edw 
Minois alope nephele Kirby 
Heliconius petiveranus Dbidy 


Vanessa io L 


Chlorippe seraphina Hbn 


Allides halesus Cram 
Mitoura damon Cram 


Everes comynias Godt. @ 9 
Pyrgus communis Grt 
Hesperia manitoba Scud 
Smerinthus jamaicensis Dru 
Hemaris difinis Bdv 


Celerio lineata Fabr 


Philosamia walkeri Fid 
(=P. cynthia auct.) 


i 0564 5 44 AS bn cekvees 


Anisote rubicunda Fabr 
Ctenucha virginica Charp 


Cisthene unifascia G. & R 


Eubaphe aurantiaca Hbn 


Estigmene acreae Drury........... 
Estigmene congrua Wik........... 
GAs cscuneccccensces 
Haploa lecontei militaris Harr..... 
Alypia octomaculata Fabr......... 
Acronicta interrupta Gn........... 
Chlorizagrotis auxiliaris Grt....... 


Polia assimilis Morr 


Graptolitha antennata Wik 


Colias eurytheme Bdv............ 


Danaus plesippus L............0. 


Argynnis eurynome Edw.......... 
Polygonia interrogationis Fabr..... 
Hypolimnas bolina otaheitae Feld..| F & H 
Mor pho cypris Westw... ee :. ; 
Mor pho peleides limpida Butl..... 
Libythea bachmanii Kirby......... 
Libythea geoffreyi philippina Staud.| F & H 
A podemia mormo F. & F......... 


Lycaena thoe Guer................ 


Epargyreus tityrus Fabr........... 


Celama triquetrana Fitch.......... 


Apantesis parthenice Kirby....... 


Orthodes oviduca a, ‘ ee 
Graptolitha fagina Morr........... 
Septis arctica Frr........... 


DISSOLVED BY PosItIvE 
Hot ALKALI CuHitosaNn TEST 
PR esstveesseneas Dark 
Yellow usually......... Black (some- 
times yellow) 
igi cies: cucdsGueuearele All 
Be iincesans Dark 
ch deednthaGeihotneen wal All 
Commonly............ When not dis'lv'd 
hoadseccsudaneseveutean All 
i hibarhkknckvons ened All 
Seip bee enl tentnckcseeu All 
Orange sometimes... . . Black & yellow 
aaa Oa .| All 
Sad Scans eae Ruan he ki All 
Pov ines tad Reauaeneascnee All ? 
Some, variable......... Most 
aaKadiahaoetacethesuede All ? 


PEI, 0 cccccscceccds 


ee 


Brown & Black 


erates pee cagaae All 
Iridescent .| Brown 
iNiKs Keebbs eceeneneken All 
ER ccccennseenat Dark 
dic sinescwedtasen Others 
Some ? .| Most or All 
Giipekinaubenehecexeat All 
White & Light......... Dark 
We ivccissaccesvensscun ae 
a ale haa al ee alee All 
SiepeVaceeN te caeeeenanan All 
SL VaeeebWeRie ieee nein All (including 
dehiscent) 
Yellow & Some Pink..| Dark & Some 
Pink 
Yellow sometimes ?...| Most or All 
Few sporadically....... Most 
Some White........... Black and Some 
White (also 
abd. red) 
Ge ee al al ais ee hel oe All 
mee ene Nwaexeh Sen enenll All incl. on body 
Sometimes............. Other times 
Yellow & Some Pink. .}| Dark & Some 
Pink 
Rikétedcntgacusiasade tne All 
Some Yellow.......... Dark & Some 
Pink 
| eee When not dis'lv'd 
ul bbunebueahsseeewnned Alt 
Veh en CR haas ae nnawom ate All 
iS eu obachveeeeu deme x6eee All 
Yellow & White........ Dark 
pea aan eawn Keakweeehaeeue All 
Sometimes............. Usually 
ie da weeeeaeaa sear ose All 
| es Fore Wing 
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FAMILY 


Dioptidae....... 
Notodontidae. . . 


Lasiocampidae. . 
Geometridae... . 


Uraniidae....... 
Lacosomidae. .. . 
Limacodidae... . 
Megalopygidae. . 
Zygaenidae...... 


Pterophoridae... 
Alucitidae....... 
Olethreutidae... 


Yponomeutidae . 
Coleophoridae... 
Gracillariidae. . . 
Acrolophidae.... 
Tineidae......... 
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TABLE 1—Continued 








PosTIvE 
Cuitosan Test 





DISSOLVED BY 


GENUS AND SPECIES 
Hot ALKALI 
































Euherrichia monetifera Gn......... eee Fore Wing 
Prodenia ornithogalli Gn........... Hind Wing......ccccees Fore Wing 
Te I I ao. 5c OTE Pesce codcccccecesisaceccs All 


Psychomor pha epimenis Drury....| F & H | Yellow................ Dark & Orange 
Rhodophora gaurea A. & S.........| F& H| Few ?................. Most or All 
PI I Seicksicccscccuest WO Bisivessteccetaveusececes All 
Chamyris cerintha Treit...........| F & H | Many of H............. F and Some H 
Hylophila bicolorana Poda........| F & H|...........ceceeeeeeeeee All 

Autographa brassicae Riley........| F & H |...... 2.2.00. cece ce eeeee All 

Panapoda rufimargo Hbn..........| F & H | Someof H............. Most 

Plathypena scabra Fabr...........| F & H|.......... 4 Ree All 

Phryganidia californica Pack.......| F & H | Commonly............. Commonly 
I SI secre cass cenccd POOR Pe vccsvecvciescecsccewaes Black & Yellow 
Symmerista albifroms A. & S......| F & H |... 2... 6. ccc cece e eee All 

I i  Gavisandl, ~ NEO « Ricrevcncocetacuewcsccncs All 

SEO GUND FONG ccsh be iccccevvcccccccvciesces All 

EN ans od cacckaad Ue. eowuadvuscudetcadanacted All 
Chlorochlamys chloroleucaria Gn... cesepeeees| Those remaining 
a i onic RIE TE Fira bic hd wsavncctccedBiveatavasevcsedece 
Am phidasis cognataria Gn.........| F & H | Some.................. Most 

sv ccccvccuvest a MMe svendetaecdacacenscded All 

I veccccccdids cs POE vaccscntcesveceecauleass All 

CR IO cecil  Bikccccccvsciccccedeccsus All 

PO a iiiectivcccccecl RR PO erciccicaswciccus Marginals 


 eiewdvduiconvoekssil Ll  aetasktvincavitisekens All 
sicko u:6.cxc ccc EE inahabes dete usaddvccsceen All 
Erasmia pulchella Hope...........| F & H | Iridescent.............. Others 
EN NING « i:5 oc ccvvnns edhe Ei anatas dcewesurcicawsies All 


Desmia funeralis Hbn............. re CescudapKendaas Dark 
Nomophila noctuella D.-S......... ceceseeess| Fore Wing 
PE Wi cvcciccascdcl UP “Brncdetacccceseswteceucnd All 


Pyralis forinalis L................| F & H | Commonly Some...... Most 
Crambus hastiferellus Wik.........| F & H | Few ?...............5 Most or All 
Cs I Bi dc cei n's cc PUT Iravewstinscusctecsencste All 


Bs Ba wi ion ss AI bi vec cdccncsavscccsacncd All 
Platypiilia sp............. seceeeeeee| Other times 
Alucita huebneri Wallen......... All 


Eucosma dorsisignatana Clem. ... . All 






Carpocapsa pomonella L.......... .| All 

Archips fumiferana Clem......... eeeeeeses+-| Other times 
Argyrotaenia quercifoliana Fitch...) Fo... 2.2... cece cece eeeeee All 

Prionoxystus robiniae Peck........ ...| All 

Phthorimaea operculella Zell... .. .| FP & H| Hind Wing............. Fore Wing 
I iis ccc cin x «ck Ph wa cnndecedescsoncsceras All 

ies cian de une as hod d ashe winks All 

po ee). || Serer 765eeaeee 
Coleophora pruniella Clem........) Foo jo... 0... cece e ee eee coco an 
Gracilaria bimaculatella Ely.......| F & H | Hind Wing....... ....| Fore Wing 
I aang 0.60 ein ee ea hac acentaves sone 

Monopis dorsistrigella Clem. .... OE en dcccccedubsgatecdbdxacns wa 
Tegeticula alba Zell............... Usually All............ Few sometimes 
Sihenable. gavpuvasonnn Pasha... 1 FG Te boos oc icc ccsccccececesss All 

Aedes aegypti L.... ont /etseh<exseidasaamipaden All 

I I naa i 60:0 02006 EE eouictsdeshetibenweadine All 
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METHODS OF CHITIN DETECTION AND SIGNIFICANCE OF 
SCALE DISSOLUTION 


Chitin was originally defined as the cuticular material insoluble in 
hot concentrated alkali (Odier, 1823) but it has been known for a long 
time that this is only a preliminary definition. Actually, resistance to 
alkali is only relative. If the alkali treatment is sufficiently prolonged 
many, perhaps all, samples of chitin may be completely dispersed, as 
anyone can readily confirm. There is no need to give here a full review 
of the numerous methods that have been proposed and used for the 
detection of chitin (see Campbell, 1929) but it can be pointed out that 
although some advance has been made in the determination of the 
structure of the chitin found in crustacean shells (see Clark & Smith, 
1936) no thorough evaluation of the various methods of detection by 
color reactions is possible at present since the tests have been developed 
and elaborated without parallel chemical analyses. 

Three general methods of detection, in effect three definitions, have 
been more or less generally used: 

1. Isolation_and identification of glucosamine crystals. 
2. Chitosan color reactions and sphaerite formation. 
3. Color reactions following treatment with diaphanol. 

Isolation of glucosamine crystals following acid hydrolysis of the 
suspected chitin has been used by only a few workers. It is difficult, 
time consuming, and requires adequate amounts of material. More 
seriously it does not really determine chitin but only a component of 
chitin, and accordingly should not be expected to necessarily differen- 
tiate between various kinds of chitin. To be sure, chitin is usually 
referred to as a single chemical compound (perhaps because almost all 
chemical studies have utilized Decapod Crustacea), but Frankel & 
Jellinek (1929) have presented good evidence that the chitin of the 
king crab, Limulus, is somewhat different and we have unpublished 
data in agreement with their report. Yet the chitin from both Limulus 
and lobster yield glucosamine. Some species of Bryozoa appear to 
contain chitin since they give a violet chitosan color test but other 
species give a greenish ‘‘chitosan”’ test and so seem to contain a some- 
what different polysaccharide (Richards & Cutkomp, 1946). It seems 
to the present author likely that chitin, like cellulose, will eventually be 
recognized as a group of closely related compounds. 

The preparation of chitosan requires treatment of chitin with hot 
concentrated alkali (van Wisselingh, 1898; Campbell, 1929). As 
already mentioned, such methods presuppose that chitin is not 
destroyed, and yet we know that hot alkali can completely disperse 
chitin. The situation is further complicated but also partly elucidated 
by the conclusive demonstration that chitosan prepared from lobster 
chitin is not a definite predictable compound since successive prepara- 
tions do not necessarily yield the same X-ray diffraction patterns (Clark 
& Smith, 1936). Perhaps the dissimilarity of successive samples of 
chitosan accounts for the difficulty the present author and others have 
encountered in attempting to prepare ‘‘chitosan sulfate sphaerites” 
(Campbell, 1929). However, even if these sphaerites were obtainable 
consistently they have such indefinite characteristics that by them- 
selves they do not seem highly reliable. The iodine-sulfuric acid chitosan 





1947] Richards: Studies on Arthropod Cuticle 233 


color test is given by (a) preparations from Limulus, crustacea, insects, 
fungi, etc., not all of which have the same nitrogen yalue, and (b) by 
successive preparations which from the results of Clark & Smith (1936) 
may be presumed to vary in composition. Kthnelt (1928a) presents 
some eviden¢ée that chitin acts as a dispersoid in adsorbing iodine. It 
follows that in this color test we are dealing with a group reaction which 
is not sufficiently specific to be affected by minor changes in the mol- 
ecules or molecular aggregates. Satisfactory evaluation of the degree of 
specificity must await further comparative chemical studies. With the 
above qualifications the method seems to be highly reliable when a 
positive color test is obtained. 

The diaphanol method was elaborated by Schulze and his students 
without any chemical verification. For years the method in effect 
defined chitin as the cuticular material insoluble in diaphanol, and it 
was not until 1940 that Fraenkel & Rudall gave any validation to the 
basic assumption (and incidentally showed that a very long treatment 
is needed to obtain pure chitin by this method). The color developed 
on treatment with iodine and zinc chloride is evanescent; according to 
Kiuhnelt it is due to the presence of adsorbed chlorine; and certainly the 
method is less specific than the iodine-sulfuric acid test (despite Koch’s 
passionate support, 1932) since it is given by chitin, chitosan and a 
number of other substances (see Ktthnelt). The method has not found 
favor among workers other than the Schulze school. 

The other color reactions listed by van Wisselingh and Schulze are 
sometimes useful for certain purposes but are not specific tests to be 
used for identification. X-ray diffraction analyses are good for those 
cases where large amounts of pure material are readily obtained but 
offer little or no help with minute structures where the chitin content is 
low. The use of enzymes may some day help with this problem but is 
of no assistance at present.> Such physical properties as have been 
studied seem to offer the biologist little help in the identification of 
chitin (fluorescence, birefringence, refractive index, optical rotation, 
specific gravity, etc.). 

From the above analysis it seems apparent that it is fairly easy to 
demonstrate the presence of chitin in large structures that withstand 
the necessary preliminary drastic treatment. The fact that there may 
be more than one kind of chitin and chitosan only means that we are 
dealing with group reactions. The difficulties arise when one works 
with minute structures and structures which will not withstand such 
drastic treatment. What is the significance of dissolution of delicate 
structures, and what should we expect to happen in structures in which 
the chitin content is very low? 

It is easy to show with the scales of numerous species of Lepidoptera 
that highly variable results are likely. Scales of some species resist 
prolonged alkali treatment and are still strong and of normal appear- 


‘Several entomologists have raised this question in talking to the author. 
The dissolution of a membrane known to contain chitin by digestive enzyme mix- 
tures from bacteria or molluscs is qualitative demonstration of the existance of 
an enzyme to be called chitinase. However, the dissolution of a membrane of 
uncertain composition by a heterogeneous system containing chitinase is no proof 
that there is chitin present. 
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ance. In some other species the scales may survive the treatment in 
hot alkali and then vanish on transferal to water or alcohol even if the 
transfer is made by dilution. When a few of these scales survive (e. g., 
Tegeticula alba) they give a positive chitosan color test. Differences are 
also encountered between different individuals and even between 
different tubes run concurrently and thought to be duplicates of one 
another. One can only conclude that great care needs to be exercised 
in interpreting destruction by alkali.® 

One may well ask, then, if any lepidopterous scales lack chitin. We 
have tried to settle this question using the most easily destroyed scales, 
namely the iridescent scales of Morpho. As pointed out in the preceding 
section we were unable to obtain any evidence for the presence of chitin. 
Being unable to obtain any evidence for the presence of chitin we are 
forced to conclude that it is either absent or else present in only negli- 
gible or at least undetectable percentage. The same, of course, may be 
said for all other arthropod membranes that are said to lack chitin 
(e. g., tracheoles, epicuticle). 

The conclusion is that lepidopterous scales from adult wings show a 
long series of intermediate steps ranging from sturdy examples which 
are highly resistant and give strong chitosan tests, through inter- 
mediates that are more and more readily destroyed by alkali, although 
still containing chitin, to a few examples in which it has not been pos- 
sible to show that there is any chitin. 


THE INTERPRETATION OF ARTHROPOD CUTICLE 


The work on lepidopterous scales led the author to reconsider the 
nomenclature dealing with the organization of the arthropod cuticle. 
This terminology has obviously needed revision for some years, but 
information is now accumulating so rapidly that it does not seem desir- 
able to suggest a revised set of terms yet. However, it seems desirable 
to present a gradual change of viewpoint that is growing out of the 
work of Pryor, Fraenkel & Rudall, Wigglesworth and the present author. 
A brief resumé without references has appeared in Science, (Rich- 
ards, 1947). 

It is generally considered that the exoskeleton of insects, crustacea, 
arachnids and other arthropods is composed primarily of a polysac- 
charide called chitin, with or without the additional statement that 
other substances such as proteins, lime, pigments and an external waxy 
layer are present. In fact, textbooks usually characterize this cuticle 
simply as ‘‘a chitinous exoskeleton.’’ This general viewpoint is lucidly 
stated by Ferris and Chamberlin (1928), “‘by the very definition of 
it, chitin is the basic substance of which the non-cellular body wall is 
composed. The entire body wall, membranous and hard, is basically 
composed of chitin and this chitin serves as the carrier in which other 
substances are deposited. The body wall is not some other substance 
permeated with chitin, it is chitin permeated with other substances.” 
If we ignore as irrelevant to our discussion the old argument of whether 
the term ‘‘chitin”’ is to be used in its original chemical sense or in the 


‘Whether this ready dissolution is due to delicacy of structure or to low per- 
centage of chitin present is uncertain. See also Richards & Korda (1947). 
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subsequent anatomical sense and adopt the term in its current chemical 
sense, then seldom does one find any statement to conflict with the 
above quotation. Wigglesworth (1939) avoids making any implication 
by referring to chitin as ‘‘the best known constituent of the cuticle.” 
In hundreds of papers reviewed by the present author only one has been 
found relegating chitin to a secondary position: Forbes (1930) in dis- 
cussing the chemical versus the anatomical usage of the term says, 
‘* |. . the chemists’ chitin is in fact a secondary constituent of the 
insect skeleton . . . the soft transparent ‘filler’.’’ We have, then, two 
possible viewpoints which differ primarily in whether the chemical 
chitin is to be considered the primary or a secondary component of 
arthropod cuticle. 

First, let us evaluate the evidence in favor of chitin being the basic 
component of arthropod cuticle. This generally accepted viewpoint 
seems to be based on the remarkable chemical stability and insolubility 
of chitin, the retention of recognizable structure after the removal of 
other components and the presumed general occurrence of chitin 
throughout the phylum Arthropoda. The fact that it is a more or less 
well-characterized chemical compound probably also contributes to its 
being considered in contrast to less well-known components. 


Chemical stability and insolubility can be dismissed summarily as 
properties of the compound which are not relevant to the question of 
whether or not chitin is the basic component of arthropod cuticle. 


Recognizable anatomy after purification, although suggestive, is 
also not proof because: (1) chitin is insoluble in the agents used for puri- 
fication; (2) electron microscope studies show that it is only the grosser 
microscopic anatomy which is retained after purification (Richards & 
Korda, 1947) and, (3) X-ray diffraction studies show that the chitin 
micelles do not retain their arrangement (Fraenkel & Rudall, 1940). 
The x-ray diffraction data and even better the electron microscope pic- 
tures show such extensive changes in the arrangement of the chitin 
units that it is not possible to view the chitin micelles as constituting a 
molecular framework in the interstices of which other components are 
imbedded. Actually, it is a gratuitous assumption for any one to have 
said that the other components are added to chitin simply because the 
alkali insoluble fraction retains its gross anatomy after purification with 
alkali. Yet this non sequitor appears to be one of the major reasons for 
considering the arthropod cuticle as primarily chitinous! 

It is said that the arthropod cuticle always contains chitin but this 
is not entirely true. Numerous membranes of arthropods contain no 
demonstrable chitin, and even the general exoskeleton in the early 
stages of its development lacks chitin. It seems advisable to give a 
resumé of some of the facts concerning certain of these non-chitinous 
membranes. 


It is well known that all of the tracheae of some insects are com- 
pletely dispersed by hot alkali whereas the larger tracheae of other 
insects are not dissolved and give the various color tests thought to be 
specific for chitin (Campbell, 1929). In all insects studied, the smaller 
tracheal branches are destroyed by hot alkali. Yet there is funda- 
mental structural similarity between tracheae with chitin and tracheae 
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without chitin.? It seems to the present author that this would be 
unlikely if chitin were a basic component determining the type of mem- 
brane structure. The same may be said for lepidopterous scales which 
have been discussed in the previous sections of this: paper. 

Then there is the classical and universally accepted case of the 
epicuticle. The well-known work of Kuhnelt (1928b), Yonge (1932), 
Wigglesworth (1933), Pryor (1940) and Drach (1939) shows that. the 
outer layer of the developing cuticle of insects and crustacea is laid 
down as a protein sheet which usually but not always (e. g., numerous 
aquatic and semi-aquatic larvae) becomes ‘‘ waterproofed” by the addi- 
tion of lipids but never acquires any demonstrable chitin. Layers 
formed later (exocuticle and endocuticle) contain both protein and 
chitin. Data given in the present paper show that the same is true for 
tracheae (Blatta orientalis) and moth scales (Galleria mellonella) in 
species in which, these structures contain chitin in the fully developed 
adult. 

There are also some other non-chitinous membranes but no emphasis 
will be placed on them since one can question the validity of homologiz- 
ing them with cuticle (insect egg shells, cockroach egg capsules). The 
neural lamella appears to be a plasticized protein layer without chitin 
but it has a different origin (Richards, 1944). The endosternite of cer- 
tain arachnids is too little known for discussion but it too is said to 
consist of protein without chitin (Mathews, 1923). 

And, finally, even so-called chitinous membranes may have a very low 
percentage of chitin. The actual percentage of chitin in the cuticle of 
the general exoskeleton is usually in the range of 20-40 per cent of the 
dry weight. Although it may rise to a high value of 60 per cent 
(Fraenkel & Rudall, 1940) it may also fall to the low value of 1.4-2.3 
per cent (Pepper & Hastings, 1943). Recently Rosedale (1945) has 
recorded the absence of chitin from the exoskeleton of an African insect 
but the present author finds this paper so difficult to evaluate that the 
case is not stressed. A “basic component” does not necessarily have to 
represent a majority of the material present (as Forbes claims), but it 
is difficult to conceive of ‘‘the basic component” accounting for only 
1.4 per cent of the total weight. 

We must conclude, then, that the evidence for calling the arthropod 
cuticle primarily chitinous is, to say the least, not impressive. There is 
as valid evidence for calling the arthropod cuticle chitinous only the 
nearly general presence of chitin. But we have seen that this gen- 
erality has numerous exceptions. It stretches one’s credulity to view 
chitin as the primary and necessarily primary component when it 
ranges from 60 per cent down to nearly or actually zero per cent, and 
when membranes (e. g., tracheae) may show the same fundamental 
structure whether chitin is present or absent. It seems to the present 
author inescapable that either there is no chemical constancy to 
arthropod cuticle or that the basic components must be ones other than 
chitin which are always present in reasonably high percentages. 


7There seems to be no reason to think the structure of tracheal walls differs in 
any fundamental respect from that of the exoskeleton. Incidentally, we have 
recently discovered setae with a cuticle the structure of which resembles that of 
a tracheal wall with its helical taenidial thickenings (unpublished). Conversely, 
in Myriapods the tracheal invaginations form the endoskeleton (Voges, 1916). 
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Having considered the evidence for calling the arthropod cuticle 
basically chitinous—and finding it not convincing—let us examine the 
other known components and see if any of them are free from the 
objections raised above. Since we have pointed out that chemical 
stability and insolubility are not valid reasons for considering chitin 
basic, it follows that we are free to consider more soluble and less stable 
compounds. One component or rather group of compounds immediately 
stands out as being universally present in reasonably high percentage in 
all these cuticular membranes. These are the proteins. They are 
present in a plasticized state but are rather readily removed (Pryor, 
1940; Fraenkel & Rudall, 1940). 

There is no known authentic case of chitin occurring in any arthropod 
membrane without at least protein also being present. Even in the 
case of the peritrophic membrane of insects (the homology of which is 
arguable), which is commonly referred to as pure or nearly pure chitin, 
the reports of the most reliable workers state that protein is present 
(Wigglesworth, 1930, 1939). Any one experienced in making these tests 
will realize why it is so much easier to demonstrate chitin in the peri- 
trophic membrane than it is to demonstrate protein (difficulty of clean- 
ing without removal of protein). Membranes without chitin always have 
a large percentage of protein. Even membranes with a high percentage 
of chitin also have a high percentage of protein (Fraenkel & Rudall,1940). 

There is only one preliminary’ paper attempting to characterize the 
proteins of arthropod cuticle (Trim, 1941). This paper indicates that the 
chemical composition of these proteins resembles most closely that of 
silk and that several somewhat different proteins may be present even 
in one species (but then it seems likely that there are several different 
kinds of chitin despite oft-repeated statements to the contrary). Clearly 
further work on the composition of cuticular proteins and on their 
physiological significance in the arthropod exoskeleton is needed. 

Since plasticized proteins are always present, viewing the cuticle as 
primarily a protein sheet allows, for instance, considering all tracheae as 
having the same basic organization whereas viewing the cuticle as pri- 
marily chitinous forces us to say that some tracheae consist of only a 
non-chitinous epicuticle while other tracheae consist of a non-chitinous 
epicuticle plus an underlying chitinous endocuticle. The same may be 
said for butterfly and moth scales. Of more practical significance, the 
same may also be said for the epicuticle and endocuticle of the exoskel- 
eton. On the basis of viewing the cuticle as primarily chitinous the 
epicuticle has to be viewed as something fundamentally different 
plastered onto the outer surface of the cuticle. And yet there is no 
demonstrable discontinuity between epicuticle and endocuticle in 
development.’ Viewing the cuticle as primarily a plasticized protein 
layer permits considering the epicuticle as simply the outer layer of a 
continuous cuticle—as indeed it seems ‘to be (Wigglesworth, 1933; 
Richards & Anderson, 1942). 

The other more or less regular components that are known are ‘so 
sporadic in occurrence and appear so late in development that no one 


’The fact that one can manually separate the epicuticle and endocuticle as 
intact sheets (e. g., after digesting with pepsin) is of no particular significance. 
One can also separate both the epicuticle and endocuticle into sub-sheets in 
some cases. 
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views them as necessary constituents. Clearly they, especially lime and 
pigments, are additions to a basic membrane structure and need not be 
considered further here. In at least a few cases other material may be 
secondarily laid down as another more or less complete layer on top of 
(outside of) the cuticle proper (Kihnelt, 1928b; Wigglesworth, 1946), 
but these cases are obvious additions which do not affect the question of 
how the cuticle is organized as a rule. 

In conclusion: if we accept the view that there is a fundamental 
similarity running through the cuticle of arthropods, then we have the 
choice of two viewpoints. We can say that there is a chitinous exoskel- 
eton in which case we focus attention on an almost but not entirely 
universal component of great stability but have to admit a number of 
exceptions and face the criticism outlined above, criticisms that seem to 
be invalidating. Or we can say that there is a protein exoskeleton which 
can be viewed as a single plasticized protein sheet usually subdivided by 
the addition of waxes on the outer surface and chitin in the bulk of the 
sub-surface region (and commonly later impregnated with lime and 
pigments and further polymerized to give the typical laminar structure 
including sub-layers within both epicuticle and endocuticle). Since the 
idea that chitin is the primary component seems to be based in large 
part on the erroneous assumption that this is proved by the retention of 
structure after purification in reagents in which chitin is not soluble, it 
would seem just as reasonabie to pick any other equally widely dis- 
tributed component. The valid and relevant facts are: 1. proteins have 
been shown to be present in high percentage in cuticular structures 
whenever proper tests have been made, 2. chitin is usually but not 
always present, 3. in development a clearly recognizable protein layer 
precedes the formation of an underlying protein-chitin layer, 4. funda- 
mentally similar cuticular structures occur with or without chitin, and 
5. other components (e. g., lime) occur only sporadically even though 
they may be found in several groups. When the chemical components 
are considered in this light one is immediately impressed with the fact 
that it is the plasticized proteins which are always present in high per- 
centage and that viewing the arthropod cuticle as a plasticized protein 
sheet variously modified by additional substances (usually but not 
always including chitin) allows a unified interpretation of all known 
manifestations of these cuticles, both internal and external, whereas 
viewing it as primarily a chitinous sheet does not. 

In an analysis of this sort there is a tendency to oversimplify. 
Actually the arthropod exoskeleton, as is well known, exhibits a large 
number of variant forms. These differences from group to group and 
from species to species remain as facts irrespective of how we try to 
collate the variations. The point of the present section is to call general 
attention to the untenability of the concept implied by the term 
“*chitinous exoskeleton” and to present a somewhat different view that 
more closely represents the facts. 


SUMMARY 


1. Lepidopterous scales vary from structures strongly resistant to 
alkali and oxidizing agents and positive for chitin tests through a series 
of more and more delicate forms in which it is difficult to demonstrate 
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chitin to a few forms which are consistently negative to chitin tests. 
Most lepidopterous scales therefore contain more or less chitin but some 
appear to have a negligible percentage or none. 

2. Methods of chitin detection are discussed with respect to the 
difficulty of interpreting negative tests. There is as much reason for 
saying some lepidopterous scales lack chitin as there is for saying any 
arthropod structure lacks chitin. 

3. The organization of arthropod cuticle is discussed. It is pointed 
out that the concept implied by the term ‘‘chitinous exoskeleton”’ is not 
consistent with the known facts. It seems more nearly correct to view 
arthropod cuticle as a plasticized protein sheet variously subdivided by 
the addition of waxes (usually) on the outer surface and of chitin 
(usually) in the inner parts and commonly later impregnated with lime 
and pigments and further polymerized with polyphenols to give a 
laminar structure within both epicuticle and endocuticle. 


SUPPLEMENTARY NOTE 


Since the present paper was submitted for publication another 
important paper has appeared by Fraenkel and Rudall (Proc. Roy. 
Soc. London, ser. B, 134: 111-143, 1947). These authors suggest that 
the basis of arthropod cuticle structure consists of alternating mono- 
layers of chitin and protein. This calls for a weight ratio of 45%. 
protein and 55% chitin. In the five representatives of soft cuticle 
studied they found a range from 44-61% chitin. In hard cuticles 
one might expect more deviation and, indeed, chitin percentages as 
low as 24% were recorded in their analyses. These authors overlooked 
the paper by Pepper and Hastings (1943) in which a chitin percentage 
of 1.5-2.5 was recorded for the soft body cuticle of Loxostege larvae. 

The data presented in the above paper are not readily compared 
with the data given in the present paper. Both papers emphasize the 
difficulty of determining the percentage of chitin present. Fraenkel 
and Rudall attempt to formulate a basic model of alternating mono- 
layers. This viewpoint leaves no room for soft cuticles of low chitin 
content and ignores membranes which lack chitin. To defend this 
viewpoint at the present one has to disregard membranes lacking 
chitin and assume that low chitin figures such as those given by Pepper 
and Hastings are in error either because of relative thinness of the 
endocuticle layer or because of unintentional removal of a large portion 
of the chitobiose units. The present paper is based on rationalizations 
proceeding from acceptance of the idea that structures of similar appear- 
ance may contain much, little or no chitin. At present there is no 
certain way to resolve the discrepancy in viewpoint but it seems not 
inconceivable that both might be correct; that is, the cuticle may be 
developmentally a modified protein sheet, with the alternating mono- 
layer concept representing the commonest, and perhaps the best, basic 
model for the inner part of the cuticle (endocuticle). 
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SOME SOUTHWESTERN GRYLLACRIDIDAE 
(ORTHOPTERA) 


H. F. STROHECKER, 
University of Miami, 
Coral Gables, Fla. 


Collecting in New Mexico during the summer of 1945 resulted in 
the discovery of three new species of the orthopterous family Gryl- 
lacrididae. One of these is a Ceuthophilus; the other two belong to the 
little known genera Ammobaenetes and Daihiniodes. To Dr. T. H. 
Hubbell I am indebted for the loan of material of Dathiniodes hasti- 
ferum (Rehn) and a pair of Ammobaenetes phrixocnemoides which he had 
compared with Caudell’s type. Inasmuch as the type of A. phrixocne- 
moides is a female from Mesilla Park, New Mexico, and Hubbell’s 
specimens are from Oklahoma there is still a possibility that the two 
regions harbor more than a single species but discovery of adult males 
from Mesilla Park is necessary for complete solution of the matter. 
Nevertheless, the specimens treated below seem certainly to represent a 
new form for which taxonomic practice requires a name even though 
further collecting may reveal it to be a subspecies. 


Ammobaenetes arenicolus, new species 


Type: Male, White Sands, New Mexico, June 24, 1945. 

About the size of A. phrixocnemoides (Caudell, as determined by 
Hubbell) and very similar to that species in structure. Fastigium of 
vertex broadly carinate, united with facial fastigium. Interocular dis- 
tance about twice the long diameter of eye. Front coxa with a short, 
acute tooth. Front femur with a rather long pregenicular spur on 
ventrocephalic carina, this spur preceded by a much shorter one. Front 
tibia stout, subcylindrical, armed on ventrocaudal carina with three 
long, sharp spurs (exclusive of calcars), on ventrocephalic carina with 
three similar but smaller spurs. Ventral calcars large, subequal, the 
caudal one a little the larger. Dorsocaudal calcar about three-fourths 
as long as ventrocaudal; dorsocephalic calear short and very slender. 
Middle coxa unarmed. Middle femur with two slender preapical spurs 
on ventrocephalic carina and a shorter genicular spur on ventrocaudal 
carina. Middle tibia with four moderate size spurs on each dorsal 
carina and three smaller spurs on each ventral carina; caudal calcars 
larger than corresponding cephalic ones. Hind femur unarmed, its 
lower margin nearly straight, its upper margin suddenly sloping in 
apical third. Hind tibia with upper and lower surfaces nearly parallel 
to apical two-fifths, thence convergent to apex by curvature of upper 
margin. Dorsocephalic carina with eight spurs (exclusive of calcars). 
Of these spurs the distal five are very long and crowded. Dorsocaudal 
margin of hind tibia with eight spurs similarly arranged. Both upper 
margins of the hind tibia bear small denticles between the more prox- 
imal:spurs. First joint of hind tarsus prolonged beneath at apex into a 
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stout spine, which is preceded by a very small spine. Second joint 
spinose beneath. Subgenital plate broadly emarginate at apex; lat- 
erally it is briefly produced as membranous, digitiform lobes. Pseudo- 
sternite with a flange on caudal face, its cephalic lobe with four trans- 
verse rugae. The pseudosternite, as also the whole exoskeleton, is 
rather lightly sclerotized. 









Ra 


Fic. la. Ammobaenetes phrixocnemoides (Caudell). Pseudosternite of 
male, caudal view. 
Fic. 1b. Ammobaenetes phrixocnemoides (Caudell). Pseudosternite of 
male, lateral view. 
Fic. 2a. Ammobaenetes arenicolus new speceis. Pseucosternite of male, 
caudal view. 
Fic, 2b. Ammobaenetes arenicolus new species. Pseudosternite of male, 
lateral view. 





The insect is wholly colorless, in live a translucent white, this chang- 
ing to chalk-white after drying from preservative. The eyes are black 
and the spurs and spines are reddish but unpigmented. Length of 
body 15 mm.; of pronotum 3.5 mm.; of hind femur 10 mm. 

Allotype: Female, data as for type. 

Similar to type except for sexual structures of abdominal apex. 
Ovipositor similar to that of phrixocnemoides (Caudell) and Jariversi 
Strohecker. Lentgh of body 19 mm.; of pronotum 4 mm.; of hind femur 
10.5 mm.; of ovipositor 7 mm. 
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4b 





Fic. 3a. Daithiniodes hastiferum (Rehn). Hind femur of male (Torrence 
Co., New Mexico). 

Fic. 3b. Dathiniodes hastiferum (Rehn). Subgenital plate of male. 
Fic. 4a. Daihiniodes larvale new species. Hind femur of male. 
Fic. 4b. Daithiniodes larvale new species. Subgenital plate of male. 
Fic. 5a. Ceuthophilus leptopus new species. Pseudosternite of type, 
caudal view. 

Fic. 5b. Ceuthophilus leptopus new species. Subgenital plate of type. 
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In addition to these two specimens fifty-one males and thirty-eight 
females are designated paratypes. There is a considerable degree of 
conformity in size but one male has the following measurements: 
pronotum 3 mm.; hind femur 8.5 mm. 

The three species now described may be differentiated: 

1. Caudal metatarsus longer than following two joints together, not spinose 
ER he iii iin pid ute Ge krOGL Site pbk tethce ...lariversi Strohecker 

Third joint of hind tarsus longer than first two together..................... 2 
2. Flange of pseudosternite about one-third as high as broad, broadly emar- 

ginate dorsally. Tergites with definite color pattern, phrixocnemoides (Caudell) 


Flange of pseudosternite about one-fifth as high as broad, evenly arcuate 
dorsally. Insect entirely white except eyes............... arenicolus n. sp. 


Daihiniodes larvale, new species 

Type: Male, White Sands, New Mexico, June 20, 1946. 

In size about equal to D. hastiferum (Rehn) and similar in structure 
but not so heavily sclerotized and with hind femur less massive. Left 
front femur with seven denticles on ventrocephalic carina; the right 
femur has but five. The front tibia is much as in Ammobaenetes. Front 
tarsus three-jointed, the first two joints acutely spinose beneath. 
Middle tibia with two spurs in distal half of ventrocephalic carina 
together with several small spines. Ventrocaudal carina with a few 
small spines. There is an internal (caudal) genicular spur. Caudal 
femur (left) stout, its upper carina with a row of denticles, its ventro- 
cephalic carina with twelve stout spines, the first of which is located 
just before the middle. Following the first spine are two somewhat 
larger than the others but not attaining such disproportionate size as 
the large femoral spine in D. hastiferum. Hind tibia much as in hasti- 
ferum, not so strongly bowed and with spurs more slender. Subgenital 
plate with its lateral apices produced into digitiform processes which 
are little longer than the basal part of the plate. In life translucent 
china-white; chalk-white after drying from alcohol and xylol. 

Length of body 23 mm.; of pronotum 6 mm.; of hind femur 15 mm. 

Allotype: Female, data as for type. 

Differing from type only in size and in characters of hind femur and 
apex of abdomen. Hind femur with a row of denticles on ventro- 
cephalic carina. Ovipositor short, moderately stout, its dorsal valves 
attenuate and aciculate at apex. Ventral valves with four sharp teeth 
(including apical hook). 

Length of body 17 mm.; of pronotum 5 mm.; of hind femur 11.5 mm. 

In this study eighteen males and eight females (all paratypes) have 
been examined in addition to the type and allotype. Most of these 
were collected June 24, 1945, and due to a delay in properly preserving 
them are brown rather than clear white. 

Comparison of the above series of /arvale with a small series of four 
males and one female of hastiferum shows only slight but apparently 
constant structural differences. The development of the large tooth on 
the hind femur of hastiferum does not seem to be an “‘orthogenetic”’ 
character. It is as decided in small as in large males. The relative 
sizes of the femoral spines in the males of larvale holds for the entire 
series of males. With both species at hand the difference in degree of 
sclerotization is evident and the lack of color in /arvale is a very striking 
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feature. The differences in pseudosternites of the two species is wholly 
quantitative, i. e., due to a greater sclerotization of the structure in 
hastiferum. 

The two species, D. larvale and A. arenicolus were collected at 
night, the former mostly at the edges of the “‘flats,”” the latter mostly 
on the dunes. Both were observed feeding on Ephedra cones in the 
small windrows of the flats. The Ammobaenetes was very abundant, 
occurring by scores or even hundreds within a small area. Specimens 
of the Daihinoides were encountered infrequently. Attempts at con- 
tinuous observations on the insects were largely unsuccessful. When 
they were placed in an apparently suitable environment in the laboratory 
they soon died. 


Ceuthophilus leptopus, new species 


Type: Male, Dripping Springs Canyon, Organ Mts., New Mexico, 
August, 1945. 

A slender-bodied, long-legged form which apparently is closest to 
yavapai Hubbell. Fastigium of vertex slightly elevated, rounded at 
apex and feebly impressed above. . Interocular space twice or more as 
great as long diameter of eye. Front coxa toothed; middle coxa 
unarmed, its lower angle obtuse. Front femur with two widely spaced 
spurs on ventrocephalic carina. Middle femur with three or four small 
spurs on each ventral carina. Hind femur slender, evenly tapering 
with each ventral carina denticulate along its whole length. The distal 
third of the femur is denticulate above and at the sides. Hind tibia 
straight or very feebly undulate, its dorsocaudal calcar three-fourths as 
long as metatarsus. Tarsus slender, metatarsus almost as long as fol- 
lowing three joints together; claws short. Ventral keel of metatarsus 
non-setose. Ninth tergite with a membranous area at apex upon 
which are coarse setae. Epiproct depressed, broadly and deeply 
grooved, shallowly emarginate at apex. Paraprocts membranous, 
probably bulbous in life. Subgenital plate divided, about as broad as 
long, its mesodistal portion membranous. Pseudosternite with a 
flange across dorsum. This flange is almost straight across its top, a 
little angulate at middle and finely crenulate along its entire extent. 
Cephalic lobe rounded but subtriangular. Ventral rami well sclero- 
tized, columnar. Length of pronotum 3.5 mm.; of front femur 7 mm.; 
of hind femur 14 mm. 

Allotype: Female, data as for type. 

Agreeing in all respects to the male type except for the terminal 
abdominal structures. The denticles on the ventral carinae of the hind 
femur are smaller than in the male. Subgenital plate simple. rounded. 
Ovipositor long and slender, its dorsal valves aciculate at apex but 
very little upturned. Ventral valves armed with five (including hook) 
subtriangular teeth. Length of pronotum 4 mm.; of front femur 7 mm.; 
of hind femur 14 mm.; of ovipositor 11.5 mm. 

The specimens were collected in molasses traps in the fairly mesic 
upper portion of the canyon. Several weeks elapsed between the 
setting and recovery of the traps and all the specimens had evidently 
been in the fluid for some time since there is little left of them but the 
chitinous shell. The coloration is not definite enough to be described 











246 Annals Entomological Society of America [Vol. XL, 


but there is some indication of a pallidus pattern, i. e., the pronotum 
shows evidence of a large pale area on each side and there are other 
suggestions of pale maculae on a darker ground. The insect is almost 
glabrous, setae being fine and sparse, and feebly polished. 

Three males and six females taken with the type and allotype are 
designated paratypes. 
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STATISTICAL METHODS: APPLIED TO EXPERIMENTS IN AGRI- 
CULTURE AND BIOLOGY, by GeorGE W. SNEDEcoR. Ames, Iowa State 
College Press, 1946. Pp. xvi+485. Price $4.50. 


This is the fourth edition of this well-known work, which has been widely 
used in the fields of agriculture and biological research since its first appearance 
in 1937. The general order of presentation is the same as before: simple variation 
and correlation, some large sample theory and more complex cases of chi-square, 
analysis of variance and covariance, multiple and curvilinear regression, and 
more complex concepts. There has been considerable minor rearrangement, 
and new emphasis has been placed on sampling, fiducial limits,estimation,and 
< m~aa of variance. The format is somewhat more attractive than in previous 
editions, 

The book begins with several new sections on sampling of attributes, con- 
siderably more imposing than the former very elementary opening. A table of 
fiducial limits for binomial material is introduced (its theory being left to Chap. 
16). There is also a new and useful table of random numbers. Some of the ideas 
brought out in the former Chapter 1 are then developed. Other chapters show 
less difference from former editions, but in all there are changes. Graphic tests 
of significance are omitted from Chapters 2 and 4, and mathematical tests are 
treated more exhaustively. Fundamentals of regression and correlation are more 
fully discussed, and the Z-transformation is introduced. Chapter 9, on chi-square, 
contains some material originally in Chapter 1, as well as some new material. 
The chapters on analysis of variance contain material on basic assumptions, com- 

ments, and disproportionate frequencies, not in older editions. Later chapters 
ave fewer changes, but there is more attention to Gauss multipliers and more 
detail in discussion of single degrees of freedom, while the section on errors of 
‘‘betas’’ is omitted. An obvious error in Example 14.7 is retained. Some familiar 
problems and sections are omitted and some new ones introduced. 

These changes show the influence of development in the knowledge of sta- 
tistics and of the work of associates on the strong staff at Ames. The book retains 
many of the characteristics of earlier editions. The informal language with its 
personal pronouns, adding to readability; the effort to develop logic ‘‘painlessly”’; 
the presentation of tables in a form to appeal to experimenters more than to 
mathematicians; the strong practical emphasis and wealth of practical problems 
are all there. Analysis of variance is strongly emphasized, and other techniques 
are related to it. The close relation of the author’s laboratory to experimental 
work in various fields is well reflected. Diffiult questions are handled in an 
apparently easy manner, reversing the practice in some texts. 

The changes superimposed on the former development have made logical 
outlining a little difficult. The text is definitely more valuable as a reference than 
earlier editions and seems more difficult to adapt to teaching. In studying and 
using the text, the scientific worker will feel anew the influence of the modest 
and unselfish work of the author and his associates, which has already contributed 
so much to progress.—F. M. WADLEY. 











NOTES ON YPIRANGATHEMIS SANTOS (ODONATA: 
LIBELLULIDAE) WITH A DESCRIPTION OF THE 
FEMALE OF Y. CALVERTI SANTOS 


DONALD J. BORROR, 
Department of Zoology and Entomology, 


The Ohio State University, 
Columbus 10, Ohio 


The genus VY pirangathemis was described by Santos (1945) from 
four males, which he described as Y. calverti, n. sp. On the basis of 
wing venation and the structure of the male genitalia, Santos believed 
Y pirangathemis to be closely related to Erythrodiplax Brauer and to 
Tarnetrum Needham and Fisher. 

Through the kindness of Dr. Erich Schmidt of Bonn, Germany, the 
writer has been able to study a series of 16 o& and 5 9 which are unques- 
tionably Y. calverti. Through a study of this material, and additional 
material in other genera (particularly Erythrodiplax Brauer, Uracis 
Rambur, Tarnetrum Needham and Fisher, and Sympetrum Newman), 
it has been possible to understand something of the relationships of 
Y pirangathemis. Specimens of the series received from Dr. Schmidt 
have also been examined by Dr. P. P. Calvert. 

The writer is indebted to Dr. Schmidt, Dr. C. H. Kennedy of Ohio 
State University, and the Museum of Zoology of the University of 
Michigan, for the loan of material for study; and to Dr. Calvert for his 
comments on the identity and relationships of the Ypirangathemis 
material. 


DESCRIPTION OF YPIRANGATHEMIS CALVERTI SANTOS 


Allotype Female. Face largely metallic bluish; central and lateral 
portion of frons brownish, anteclypeus and base of labium very dark 
brown. Frons with median groove shallow and anterior carina but 
slightly developed, in profile more or less rounded; vertex and occiput 
rounded. Rear of head metallic blue-black, with a small, rounded, dark 
brown spot on each side next to compound eye. 

Prothorax black, with a narrow, yellowish, dorsal longitudinal stripe; 
posterior lobe of prothorax quadrately rounded, not erect, its free edge 
with a few short hairs. Remainder of thorax largely yellowish brown, the 
venter black, the dorsum and sides marked with black as follows: 
dorsum (mesal portion of mesepisternum) black anterior to dorsal 
carina on either side of a median yellowish longitudinal stripe, the black 
grading posteriorly into a series of transverse lines, the lines covering 
dorsum on either side of dorsal carina and extending about halfway to 
humeral suture (a few of these transverse lines extend laterally to the 
humeral suture, as dark brown rather than black lines); sides of thorax 
just above bases of legs black; a narrow brownish black line along 
humeral suture, the line somewhat wider dorsally; a narrow brownish 


247 











248 Annals Entomological Society of America [Vol. XL, 


black line along suture between mesepimeron and metepisternum, the 
line widening at its dorsal end; a short brownish black line just in front 
of spiracle, extending about halfway up side of thorax; spiracle black; a 
broad brownish black band extending vertically across metepimeron, 
and fading out dorsally. Legs black; tarsal claw small, located a little 
beyond middle of claw; 10-12 spines on outer angle of hind femur, 
proximal spines very short, the spines gradually increasing in length 
distally, penultimate spine about half as long as ultimate spine. Wings 
hyaline, with a dark spot on each wing between nodus and stigma, as in 
fig. 5; venation essentially similar to that in fig. 5; stigma yellowish. 

Abdomen black, with a brownish longitudinal lateral stripe which 
extends from segment 2 to about the middle of segment 7; this stripe 
occupies a little over half the dorso-ventral width of the segment on 2, 
and gradually narrows posteriorly; it is interrupted by a fine black line 
along the transverse carinae of 2 and 3, and where the carina would be 
on 4, and by broader black lines at the intersegmental rings. 

Vulvar lamina (see fig. 2) long and trough-shaped, in profile nar- 
rowing distally and rounded apically, and extending beyond apex of 
abdomen; vulvar lamina extending ventro-caudad at an angle of about 
30° or less with the horizontal. Sternite of segment 9 drawn out into 
a pair of closely approximated blade-like structures which extend as 
far caudad as the vulvar lamina; gonapophyses appearing as two small 
finger-like processes at base of ninth sternite. 

Hind wing 22.0 mm., abdomen 18.0 mm., stigma 3.7 mm. 

The allotype female is somewhat teneral, and teneral males are 
similar to teneral females in color. With increasing age the dark color on 
the body spreads—backward over the thorax and forward over the 
abdomen—until in the fully adult specimen the entire body is bluish 
black, with a light blue pruinescence. 

Wing Venation. The following tabulation is based on 16 @' and 5 9, 
and the numbers in parentheses refer to the number of wings (out of 42) 
in which the character occurred. 

Antenodals in front wing, 71% (1), 8 (1), 8% (11), 9% (25), or 
101% (4); postnodals in front wing, 6 (2), 7 (13), 8 (15), 9 (8), or 10 (4); 
triangle in front wing with costal side straight (24) or slightly broken 
distally (18), and crossed (40) or free (2); subtriangle in front wing 
1-celled (3), 2-celled (15), 3-celled (23), or 4-celled (1); discoidal field 
of front wing with 2 (27) or 3 (15) cells bordering triangle, followed by 
2 (42) cell rows, increasing to 5 (2), 6 (13), 7 (19), or 8 (8) margina, 


EXPLANATION OF PLATE I 


Fic. 1. Uracis fastigiata (Burmeister), terminal abdominal segments of 9, 
lateral view. Buenavista, Sta. Cruz, Bolivia, Jan. 1946 (Coll. C. H. Kennedy.) 
Fic. 2. Ypirangathemis calverti Santos, terminal abdominal segments of 9, lateral 
view; alloty 9, Sao Bernardo, Sado Paulo, Brazil, 25 January 1933 (Coll. E. 
Schmidt). Fic. 3. Y. calverti, hind femur of <, lateral view; No. 1, Sdo Bernardo, 
Sao Paulo, Brazil, 25 January 1933 (Coll. E. Schmidt). Fic. 4. Y. calverti, tarsal 
claw; No. 1, Séo Bernardo, Sado Paulo, Brazil, 25 January 1933 (Coll. E. Schmidt). 
Fic. 5. Y. calverti, wings of co’; No. 2, Sao Bernardo, Sado Paulo, Brazil, 25 January 
1933 (Coll. E. Schmidt). 


Figures 1-4 drawn with camera lucida, figure 5 drawn with projection 
apparatus. 
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cells; antenodals in hind wing, 7 (12), 7% (2), 8 (24), 8% (2), 9 (1), or 
9% (1); postnodals in hind wing, 6 (1), 7 (8), 8 (19), 9 (11), or 10 (3); 
triangle in hind wing free (30) or with 1 (11) or 3 (1) crossveins, base of 
triangle opposite arculus (42); CuP (Cu,) in hind wing arising at anal 
angle of triangle (36) or slightly separated from anal angle of triangle 
(6); 1 (28) or 2 (14) cells in anal loop between base of A; and Aspl 
(bisector of loop); 1 (41) or 2 (1) cubito-anal crossveins in both front 
and hind wings; 1 (41) or 2 (1) bridge cross-veins in both front and 
hind wings; supratriangle in front wing free (39) or with one crossvein 
(3); supratriangle in hind wing free (41) or with one crossvein (1); 
arculus in front wing slightly proximal to second antenodal (8), oppo- 
site second antenodal (20), or slightly distal to second antenodal (14); 
arculus in hind wing slightly proximal to second antenodal (1), opposite 
second antenodal (2), up to one-fourth cell length beyond second ante- 
nodal (20), or one-fourth to one-half cell length beyond second ante- 
nodal-(19); hind wing with 2 (42) rows of postloop cells in anal field. 

Other features of the wing venation are shown in fig. 5. 

Male Genitalia. Segment 2 with anterior lamina low-lying, its free 
edge broadly U-shaped in ventral view; genital lobe strongly overlying 
posteriorly, its distal margin truncate; hamules about as high as genital 
lobe, in profile appearing elongate and broadly rounded apically, but 
actually with a small curved inner branch that is apparent only in 
ventral view. Superior appendages relatively short, the sharply 
pointed apex very slightly recurved; inferior angle prominent, with 
three or four small teeth just proximal to inferior angle; inferior 
appendage nearly as long as superiors. Penis as in fig. 6: terminal seg- 
ment 1.0-1.1 mm. in length (from anterior meatus of seminal duct on 
penultimate segment, to apex of lateral lobes), and slightly swollen 
distally; lateral lobes somewhat triangular in profile, with the apex 
drawn out and rounded and directed ventrad; medial lobes small; 
median process small but complex, in the non-erect penis not extending 
beyond apex of lateral lobes; a pair of internal lobes located laterally at 
apex of median process, and another lobe (probably a posterior lobe; 
fig. 6, P) arising from dorsal side of base of median process; this latter 
lobe is bilobed apically, and is probably erectile; apical lobe small, not 
extending to level of apex of lateral lobes. 


EXPLANATION OF PLATE II 


Penes of Ypirangathemis and Uracis; in each figure the upper drawing is a 
ventral view, and the lower drawing is a lateral view drawn from the right side 
(with the ventral edge at the top of the drawing). All are drawn at the same 
magnification, with projection apparatus; magnification about 34x. 

Fic. 6. Y. calvertt, No. 2, SAo Bernardo, Sado Paulo, Brazil, 25 wg | 1933 
(Coll. E. Schmidt). Fic. 7. U. siemensi Kirby, No. 1, Belem, Para, Brazil, 
5 August 1922, J. H. Williamson and J. W. Strohm (Coll. Museum of Zoology). 
Fic. ce U. fastigiata (Burmeister), No. 1, Rio Jatun Yacu, Oriente, Ecuador, March 


1936, W. C. Macintyre (Coll. C. H. Kennedy). Fic. 9. U. imbuta (Burmeister), 
No. 2, Punta Gordas, British Honduras, June 1933, J. J. White (Coll. Museum of 
Zoology). Fic. 10. U. infumata (Rambur), Porto Velho, Amazonas, Brazil, 
19 May 1922, J. H. Williamson and J. W. Strohm (Coll. Museum of Zoology). 

Legend: A—apical lobe; I—internal lobes; L—lateral lobes; M—medial lobes; 
MP—median process; P—posterior lobe. 
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Female Genitalia (fig. 2). The most striking character of Y. calverti, 
and the character which gives the leading clue to the relationships of the 
genus, is the structure of the terminal abdominal segments of the 
female. In the structure of the ninth sternite of the female, Y piranga- 
themis is strikingly like Uracis (cf. figs. 1 and 2), the only other libelluline 
genus known to the writer in which this character appears. Several 
libellulines have a narrow and greatly elongate vulvar lamina, but do 
not have this peculiar blade-like elongation of the ninth sternite. 

Measurements (in mm.). Male: hind wing 19.5-22.0 (average of 
14 6, 21.1); abdomen 17.0-18.5 (average of 90”, 17.8); stigma 3.0-3.8 
(average of 16 co’, 3.4). Female: hind wing 21.0—23.0 (average of 5 9°, 
21.8); abdomen 16.5-18.0 (average of 4 9, 17.1); stigma 3.3-3.7 
(average of 5 9, 3.5). 

Material Examined. BRaAziL: 13 o& and 5 9, Sado Bernardo, Sao 
Paulo, 25 January 1933, Fritz Wagner (collection of E. Schmidt); 3 o, 
Sao Paulo (no date or collector, in collection of Zoologisches Museum, 
Berlin). Allotype female, No. 3a, Sado Bernardo, Séo Paulo, 25 Jan- 
uary 1933. The allotype female will be deposited in the collection of 
Dr. P. P. Calvert of Cheyney, Pa. 


THE SYSTEMATIC POSITION OF THE GENUS YPIRANGATHEMIS 


On the basis of wing venation and other external characters, most 
specimens of Y pirangathemis calverti will key out (Borror, 1945) to the 
genus Erythrodiplax, hence Y pirangathemis must be closely related to 
Erythrodiplax. On the basis of the structure of the female genitalia, 
Y. calverti is certainly very closely related to Uracis. On the basis of 
penis structure, Y. calverti is fairly closely related to both Erythrodiplax 
and Uracis, but not very closely related to Tarnetrum or other genera. 

In penis structure Y. calverti resembles Groups 2-4 of Erythrodiplax 
(Borror, 1942) in the possession of well developed and erectile internal 
lobes. It differs from these species, however, in having a much smaller 
median process, and in having an additional lobe (fig. 6, P) arising from 
the median process. On the basis of wing venation, Y. calverti might 
well be placed in the genus Erythrodiplax. No species of Erythrodiplax 
have the ninth sternite of the female of the structure found in Y. 
calverti, though a few species (notably E. hyalina Forster and E. juliana 
Ris) have fairly elongate vulvar lamina. 

The penes of four species of Uracis which the writer has been able to 
study are illustrated in figs. 7-10. On the basis of these species, the 
penis in Uracis is characterized by (1) a well developed apical lobe, 
which extends as far distad as the lateral lobes or farther; (2) small 
lateral lobes which are more or less rounded apically; (3) a large and 
well developed median process which is sometimes (siemensi, and to a 
lesser extent fastigiata and infumata) bilobed apically, and which bears 
one (infumata) or two (imbuta, fastigiata, and siemensi) pairs of erectile, 
sac-like, and laterally located internal lobes; in siemensi the median 
process also bears a pair of spine-like processes located dorso-laterally, 
and an erectile sac-like posterior lobe located on its dorsal side; and (4) 
the medial lobes are small. : 

In penis structure, Y pirangathemis and Uracis are somewhat sim- 
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ilar, but differ in a few respects. In Y pirangathemis the median process 
is much smaller, the apical lobe is smaller, and the lateral lobes are 
relatively larger and have their apices drawn out ventrad. 

In wing venation Y pirangathemis and Uracis are similar in that both 
have the sectors of the arculus stalked, the last antenodal in the front 
wing is usually incomplete, and the principal longitudinal veins are 
similar. These two genera differ in the position of the arculus (usually 
farther distad in Uracis) and in the number of cubito-anal crossveins 
(usually one in Y pirangathemis, usually 2-6 in Uracis; in some other 
venational characters the differences are quantitative rather than 
qualitative; the supratriangle is free in VY pirangathemis but is some- 
times crossed in Uracis, the triangle in the hind wing is more often 
crossed in Uracis than in Y pirangathemis, and CuP (Cu,), which arises 
at the anal angle of the triangle in Uracis, is sometimes separated from 
the angle of the triangle in Y pirangathemis. 

The most striking similarity between Y pirangathemis and Uracis is 
in the structure of the terminal abdominal segments of the female. 
Both have the vulvar lamina elongate and extending beyond the apex 
of the abdomen, and both have the sternite of the ninth segment drawn 
out into two approximated processes which extend caudad to the apex 
of the vulvar lamina. This elongation of the vulvar lamina appears in 
a few other libellulines (e. g., Sympetrum cordulegaster, S. parvulus, and 
possibly others), but as far as this writer is aware no other libellulines 
have sternite of the ninth segment of the structure found in Uracis and 
Y pirangathemis. 

The differences between Y pirangathemis and Sympetrum-Tarnetrum' 
appear such as to preclude the possibility of a very close relationship 
between them. The principal differences are in a few venational char- 
acters, the structure of the posterior lobe of the prothorax, and in the 
structure of the penis. The principal difference in wing venation lies 
in the position of the arculus—a fairly basic character; in Sympetrum- 
Tarnetrum the arculus is between the first and second antenodals, and 
is usually closer to the first, while in Y pirangathemis it is closer to the 
second, and is often opposite or distal to the second antenodal. The 
posterior lobe of the prothorax in Sympetrum-Tarnetrum is erect, nar- 
rowed basally and more or less bilobed distally, and bears at its apex a 
fringe of long hairs; in Y pirangathemis the prothoracic lobe is quadrately 
rounded, and not narrowed basally or bilobed distally. 

The penis in Sympetrum-Tarnetrum is characterized by the follow- 
ing: (1) the terminal segment is short and stout; (2) the apical lobe is 
large and sac-like, and often extends distad as far as the other lobes or 
farther; (3) there is no posterior lobe; (4) the median process? is reduced 
to a heavily sclerotized, slender or flattened, forked process that often 


'1The writer has studied the penes of 17 species of Sympetrum and Tarnetrum, 
including T. illotum (Hagen) (the type of Tarnetrum), T. corruptum (Hagen), and 
S. vulgatum (Linnaeus) (the type of Sympetrum). These 17 species fall into sev- 
eral fairly well defined groups on the basis of penis structure; the Tarnetrum group 
(corruptum, illotum and its varieties, and nigrocreatum Calvert) is no more dis- 
tinct a group than any of the others. In this paper the species in these two genera 
are considered as a single complex, Sympetrum-Tarnetrum. 


*Called the ‘‘cornua’’ by Kennedy (1922) and Bartenef (1915). 
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extends beyond the other lobes; and (5) there is a pair of internal lobes, 
which are sometimes large and extend beyond the apex of the lateral 
lobes. 

The penis of Ypirangathemis differs from that of Sympetrum- 
Tarnetrum in having a much smaller apical lobe that is not sac-like, in 
having a posterior lobe, and the median process is small and quite unlike 
that of Sympetrum-Tarnetrum. These differences may be seen by 
comparing fig. 6 with the figures of Plate III; each of the species 
illustrated in Plate III represents a different group of the Sympetrum- 
Tarnetrum complex. 

On the basis of penis structure, female genitalia, wing venation, and 
other characters, it appears that Y pirangathemis is closely related to 
both Erythrodiplax and Uracis. In most classifications of the Libellu- 
lidae (e. g., those of Ris, Tillyard, Needham, etc.) Erythrodiplax and 
Uracis are placed in different groups or tribes; this position of 
Y pirangathemis suggests that our present concept of the intergeneric 
relationships in the Libellulidae is rather incomplete. 


RECOGNITION OF YPIRANGATHEMIS 


In the writer’s key to the New World genera of the Libellulidae 
(1945), most specimens of Y. calverti would run out to Erythrodiplax at 
couplet 77’; a few specimens would run out to Erythrodiplax at couplets 
99’ and 110’, and a few would run to couplet 82 (which leads to Uracis, 
Erythrodiplax, and Dythemis). 

Females of Y pirangathemis can be separated from Erythrodiplax by 
the structure of the vulvar lamina and the sternite of segment 9; the 
males of most species of Erythrodiplax do not have the wing spots 
characteristic of Y. calverti. Of the species of Erythrodiplax which 
might have wing spots like those in Y. calverti, only E. umbrata (L.) 
occurs in southern Brazil, and it differs from Y. calverti in being larger 
and in having two cell rows between IR; and Rspl (only one row in 
calverti). 

Y pirangathemis can be most readily separated from Uracis by cer- 
tain venational characters: triangle in the hind wing opposite the 
arculus (distal to the arculus in Uracis), usually only one cubito-anal 
crossvein in the hind wing (usually 2-6 in Uracis), and the supra- 
triangle is free (often crossed in Uracis). 

To fit Y pirangathemis into the writer’s key (1945), couplets 82’ and 
83 would have to be rewritten, and a new couplet added to separate 


EXPLANATION OF PLATE III 


Penes of Sympetrum and Tarnetrum, ventral and lateral views (as in Plate II). 
All are drawn to the same magnification, with projection apparatus; magnification 
about 34x. 

Fic. 11. 7. corruptum (Hagen), Dubois Idaho. Fic. 12. T. illotum illotum 
(Hagen), Claremont, Calif. Fic. 13. S. vulgatum (L.), Berlin, Germany. Fic. 14. 
S. vicinum (Hagen), Franklin Co., Ohio. Fic. 15. S. obstrusum (Hagen), East 
Randolph, New York. Fic. 16. S. semicinctum (Say), Powhatan Point, Ohio. 
All specimens in the writer’s collection. 

Legend: A—apical lobe; I— internal lobes; L—lateral lobes; M—medial lobes; 
MP—median process; P—posterior lobe. 
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Erythrodiplax from Y pirangathemis; this new couplet, No. 118, would 


be reached from couplets 77’, 83, 99’, and 110’. These changes and 
additions are as follows: 


82'. Base of triangle in hind wing opposite arculus; wing tips hyaline; vulvar 


I So. oie atin ocd Mika ens an Wace pe RE ers SAAR w CEN TREN 83 
83 (82'). Hamules 2-parted (fig. 66); vulvar lamina one-fourth as long as seg- 
ak Ale ad 516 15% 0 ie, bs Wid. A WN Ae RDA 9.9 WE WE Sle ERAN 118 


83'. Hamules not 2-parted (fig. 62); vulvar lamina poorly developed, little more 
than a bilobed thickening of the caudal margin of the eighth sternite, 
and not projecting ventrad (fig. GB)... 0... cc ccsccesccuccccces Dythemis 

118 (77', 83, 99', 110"). Female with vulvar lamina extending well beyond apex 
of abdomen, and sternite of segment 9 drawn out into two closely approx- 
imated processes which extend as far caudad as apex of vulvar lamina; 
males and most females with a large brownish black spot in each wing 
which extends the width of the wing between second postnodal and 
proximal end of stigma; 1 cell row between IR; and Rspl; hind wing 
105-250 TWM.5 SOUEROIN BOS... ....06 0 cicseccnccvvceces Ypirangathemis 

118'. Female with vulvar lamina usually not extending beyond tip of abdomen, 
often shorter than segment 9, and ninth sternite of female normal, not 
as above; if from southern Brazil and wings are colored as above, then 
hind wing is 25.5-33.5 mm., and there are 2 cell rows between IR; and 
RR eee re ee eer r rere re et Cone Erythrodiplax 
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EIGHTH INTERNATIONAL CONGRESS 


The Eighth International Congress of Entomology will be held in Stockholm, 
Sweden, August 8-15, 1948. The fact that all steamship sailings are currently 
booked to capacity for months in advance makes it seem necessary for those 
expecting to attend the congress in 1948 to arrange for passage as early as possible. 
Steamship companies have not issued sailing lists for 1948, but expect to do so in 
the early fall. A number of lines have listed sailings for the present season, among 
them, the Cunard, French, Belgian, Swedish, Norwegian, Gdynia (Polish), 
Holland-American, etc., the first mentioned expecting soon to have two new 
steamers in service. It is understood that the Thirteenth International Congress 
of Zoology will be held in Paris some time in July, 1948, and it is hoped that all 
entomologists going to Stockholm will plan to attend the Zoological Congress 
also in order that the interests of the entomologists may be fully represented 
before the more comprehensive body. Should a sufficient number of individuals 
indicate that they expect to sail about mid-June, it may be feasible to engage 
passage on the same steamer. Early information as to the probable number of 
participants is especially desired in order that the housing committee in Stockholm 
may make the necessary arrangements. The undersigned, as member of the 
executive committee, would appreciate it if he be kept informed as early as possible 
as to plans of those expecting to attend the sessions. 


O. A. JOHANNSEN, 
Comstock Hall, C. U., Ithaca, N. Y. 


June, 1947. 











THE GENUS MESAMIA IN MEXICO 
(Homoptera: Cicadellidae) 


DWIGHT M. DELONG anp RUTH V. HERSHBERGER, ! 
Ohio State University 


The Genus Mesamia was erected by Ball in 1907? as a subgenus of 
Eutettix to include a group of species with flattened vertex, the margin 
of which is acutely angled with the front. 

The elytra contain a second cross nervure and a constricted second 
anteapical cell. There are many supernumerary veinlets along the 
clavus and costa. 

Mesamia nigridorsum Ball was designated as the genotype. Fifteen 
species placed in this genus have been described from the United States 
and one species, orizaba Ball, was previously described from Mexico. 
The Mexican species was described from a pair of specimens, the female 
of which was designated as the holotype. Collections made by the 
authors and their co-workers during the past few years have furnished 
an abundance of material which reveals the fact that these two spec- 
imens belong to different but closely related species. Dr. Oman of the 
U.S. National Museum has examined these two series of specimens and 
verified this conclusion. As a result of this decision, the allotype male 
of Mesamia orizaba is described at this time and the species to which the 
allotype of orizaba, as described by Ball, belongs is the species described 
here as bifurcata. In addition six other new species and one variety 
are described at this time. 


Mesamia orizaba Ball 
Mesamia orizaba Ball, Bull. Brooklyn Ent. Soc. 26: 92, 1931. 


Resembling prescottia in form and general appearance but smaller 
and with more obtusely angled vertex. Length, 5 mm. 

Vertex produced, with rounded apex, about one-third wider between 
eyes at base than median length. 

Color: Vertex pale brownish, margin ivory white with a narrow 
marginal black line just above and another just below, a narrow ivory 
wedge-shaped spot extending back from margin to disc and interrupting 
the black line at middle. Pronotum dark brown. Scutellum orange 
brown with a pair of ivory dashes near middle of base and a pair of 
ivory spots on lateral margins. Elytra pale brownish, subhyaline; 
nervures dark brown; apical margin and spots in apical cells brown with 
three pairs of ivory spots along commissure. Face light brown with 
pale arcs. 

Genitalia: Female last ventral segment with posterior margin 
roundedly produced to middle, slightly indented either side of median 
spatulate process which is short but produced beyond the margin of 
segment. Spatulate process slightly indented at middle. Male plates 


1The authors wish to acknowledge with appreciation the assistance obtained 
from a Grant-in-Aid from the Sigma Xi research fund. 
*Dav. Acad. Nat. Sci. 12: 31, 1907. 
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long, gradually tapered from a broad base to acutely pointed apices. 
Styles broad at base, gradually tapered to pointed apices. The apical 
half of style is quite slender. The aedeagus in lateral view is con- 
versely rounded on dorsal margin near base, just beyond which is a pair 
of lateral spines directed dorsally. The apical half of aedeagus is 
divided forming a pair of long slender parallel procesess. The pygofer 
bears a single spine on the caudal ventral margin. 

The holotype female was collected at Orizaba, Vera., Mexico. Allo- 
type male as here described collected at Tuxpan, Mich., October 5, 
1941, by Good, Caldwell, Plummer and DeLong. 

Specimens are also at hand from Zacapu, Mich., October 4, 1941; 
Buena Vista, Gro., October 23, 1941 (K. 340; elev. 3400); Cuernavaca, 
Mor., September 8, 1939 (elev. 7000); Puebla, Pue., October 18, 1941 
(elev. 8500); Chilpancingo, Gro., October 25, 1941 (elev. 4700); Iguala, 
Gro., October 25, 1941 (elev. 3600); and Tepoztlan, Mor., September 
11, 1941 (elev. 6000) by Caldwell, Good, Plummer and DeLong. Also 
paratype male from Tlalpam, D. F., September 16, 1923, collected by 
Dr. A. Dampf. Compared with type male and female specimens have 
been placed in the U. S. National Museum. 

Paratypes also from Zitacuara, Mich., (6800 ft.), September 28, 
1945, by Plummer, Elliott, Hershberger, DeLong; Zimipan, Hidg., 
K. 222 (6800 ft.), October 31, 1945, by DeLong, Hershberger, Elliott. 


Mesamia bifurcata n. sp. 

Resembling orizaba in general form and appearance but with a 
bifurcate spine on the pygofer of male. Length 5-6 mm. 

Vertex produced and bluntly angled, about one-fourth wider between 
eyes at base than median length. 

Color: Pale brownish marked with dark brown and black. Vertex 
with a dark brown line just above margin which is slightly broken at 
the middle by a median white mark. Pronotum with anterior portion 
light brown, the disc and posterior portion dark brown. Scutellum 
reddish brown. Elytra pale brownish subhyaline, nervures dark brown, 
costal veinlets heavily embrowned. Face rather dark brown with pale 
arcs, a dark brown marginal line just beneath white vertex margin. 

Genitalia: Female last ventral segment with posterior margin 
angularly excavated either side of a narrow, rather short, median spat- 
ulate process which is slightly notched at apex. Male valve short and 
rounded; plates rather long, broad at base rather rapidly narrowed to 
acutely angled apices. Styles elongate and rather gradually narrowed 
to pointed apices. Aedeagus in lateral view erect, the apical half 
divided forming two long, rather slender processes which are directed 
anteriorly and dorsally. The apical spine on the pygofer is bifid. 

Holotype male collected at Tasquillo, Hgo., October 29, 1941, K. 
172 (elev. 5600 ft.) by E. E. Good and D. M. DeLong. Allotype female 
collected at Zimapan, Hgo. (17 miles N.), September 26, 1941, by Good 


EXPLANATION OF PLATE I 


Dorsal view of heads and ventral view of last ventral segment of female 
abdomen of species of Mesamia as labeled. 
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and DeLong. Paratype males and females collected at Zimapan, Hgo., 
Carapan, Mich., October 2, 1941 (K. 432; elev. 7500); Zacapu, Mich., 
October 4, 1941; Toluca, D. F., September 29, 1941 (K. 97; elev. 9700); 
Puebla, Pue., October 18, 1941 (K. 78; elev. 8500) and Mexico City, 
D. F., 18 kms. west on Toluca Rd., September 1, 1939 ‘elev. 8500 ft.) by 
DeLong, Plummer, Caldwell and Good. Male paratypes collected at 
Rio Frio, D. F. (K. 65), October 10, 1945, by DeLong, Hershberger and 
Elliott; female paratypes collected at Mil Cumbres, Mich., September 
30, 1945, by Plummer, DeLong, Hershberger and Elliott. Paratypes 
at Tasquilla, Hidg. (K. 174; elev. 6000) October 30, 1945; Mexico City 
D. F., October 22, 1945, by DeLong, Hershberger, Elliott; also Rio 
Frio, D. F. (K. 65), October 10, 1945, by same collectors; Mexico, Mich. 
State Border (K. 139; 9200 ft.), September 28, 1945, Hidalgo, Mich., 
September 29, 1945, Morelia, Mich., September 30, 1945, Laguna de 
Zempoala, Mor., October 21, 1945, by Plummer, DeLong, Hershberger 
and Elliott; Cuernavaca, Mor., September 25, 1945, by Balock, DeLong, 
Hershberger and Elliott; Jalapa Rd. (K. 341), October 14, 1945, by 
Shaw, DeLong, Hershberger, Elliott; Tepoztlan, Mor., 1943, by 
Plummer. 

The specimen labeled allotype male of orizaba in the Ball collection, 
U.S. Nat. Mus. is made a paratype of this species and is labeled ‘‘Ori- 
zaba, H.S. and F. D. G., Dec., 1887.”" A paratype female has also been 
placed in the U. S. Nat. Mus. collection. 


Mesamia alta n. sp. 


Resembling diana and prescottia in form and general appearance but 
with distinct male genitalia. Length 4.5 to 5 mm. 

Vertex produced and rounded, more than one-third wider between 
eyes at base than median length. 

Color: Vertex pale brownish with a dark brown narrow marginal 
band just above margin which is interrupted at middle. Pronotum 
dark brown, paler along anterior margin. Scutellum dark reddish 
brown, a white spot at about the middle on each posterior margin 
joined with a narrow white longitudinal line which crosses scutellum. 
Elytra with anterior half subhyaline, the claval area dark brownish, 
veins brown. Face brownish with paler arcs; a narrow dark brown 
band just beneath margin. 

Genitalia: Female last ventral segment with the posterior margin 
produced and bluntly rounded, sloping either side to, and notched either 
side of, a median tooth which is short, broad and slightly notched at 
apex. Male plates rather narrow, elongate, apices slender and bluntly 
pointed. Styles rather short, rapidly narrowed from a broad base to a 
narrow blunt apex. Aedeagus rather broad at base, narrowed at about 
one-third its length and divided forming a pair of long slender parallel 
apical processes which are curved anteriorly and dorsally. A pair of 
short lateral spines protrude at about one-third its length. The pygofer 
spine is on the ventral apical margin and is single. 

Holotype male collected at Tuxpan, Mich., October 5, 1941 (K. 186; 
elev. 7600). Allotype female collected at Puebla, Pue., October 18, 
1941, by Caldwell, Good, Plummer and DeLong. Paratype males 
collected at Iguala, Gro., September 11, 1939, by Plummer and DeLong. 
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Mesamia montana n. sp. 

Resembling prescottia in form and general appearance but with 
distinct male genitalia. Length 5.5 to 6 mm. 

Vertex produced and blunt, scarcely angled, about one-third wider 
between eyes at base than median length. 

Color: Vertex pale brownish yellow, margin yellow with a narrow 
dark brown line just above margin which is interrupted by a narrow 
elongate yellow spot at apex and a rather broad paler area bordering 
the brown margined line. Pronotum dark brown with paler markings 
on anterior portion. Scutellum reddish brown with a pale longitudinal 
line on either side at about one-third the width, extending across scu- 
tellum. Elytra pale brownish, subhyaline with dark brown nervures. 
Face with a narrow dark brown band just beneath margin and with pale 
arcs on a darker brownish background. 

Genitalia: Female last ventral segment with posterior margin 
broadly, slightly excavated with a short, broad, median spatulate tooth, 
which is deeply notched at middle. Male plates long, rapidly nar- 
rowed to acutely pointed apices. Style broad at base, gradually 
narrowed to rather narrow blunt apices. Aedeagus in lateral view 
narrow and elongate, bearing a pair of lateral spines at about half its 
length. The apical half of aedeagus bifid forming a pair of long slender 
processes which are recurved. The caudal apical spine is about the 
middle of the pygofer and single. 

Holotype male, allotype female and male and female paratypes col- 
lected at Urapan, Mich., from shrubs October 1, 1941, by Plummer, 
Good, Caldwell and DeLong. Male and female paratypes collected at 
Zitacuaro, Mich., from shrubs September 29, 1941 (K. 160; elev. 7500) 
by the same collectors. 


Mesamia divisa n. sp. 

Resembling tarbella in general form and appearance but with distinct 
male genitalia. Length 4.5 to 5 mm. 

Vertex rather short, roundedly produced, more than one-third wider 
between eyes at base than median length. 

Color: Vertex pale brown with a conspicuous black band just above 
margin of vertex which is interrupted at middle and broadened on either 
side of the pale median spot, and next each eye. A paler spot is just 
posterior to the band at about the middle on either side and in the 
concavity of the narrowed portion of the dark band. Pronotum with 
the anterior third pale brown, the posterior two-thirds darker brown; 
a row of two or three dark brown spots just posterior to each eye on 
anterior portion of pronotum. Scutellum pale brown. Elytra pale, 
subhyaline, veins dark brown. Face pale brownish with paler arcs on 
each side and an interrupted dark brown line just beneath margin of 
vertex. 

Genitalia: Female last ventral segment produced on lateral angles, 
between which the posterior margin slopes anteriorly to middle where 
it is notched either side of a short, broad, median, sunken tooth. Male 
plates elongate, narrow, concavely rounded to bluntly pointed apices. 
Style narrow from broad base to apex which is concavely notched on 
outer margin just before the pointed, outwardly directed apical finger- 
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like process. The aedeagus is pointedly produced on the dorsal margin 
near the base. The apical half is divided into a pair of long slender, 
parallel processes which are directed dorsally and anteriorly. The 
pygofer spine is single and located on the ventral caudal margin. 

Holotype male collected at Iguala, Gro., September 11, 1939. Allo- 
type female from Orizaba, Vera., October 17, 1941 (K. 280) by Good, 
Plummer, Caldwell and DeLong. Paratype males and females from 
the same localities and from Tuxpan, Mich., October 5, 1941 (K. 186; 
elev. 7600); Tasquillo, Hgo., October 29, 1941 (K. 172; elev. 5600); and 
Chilpancingo, Gro., October 25, 1941 (elev. 4700) by Good and DeLong. 
Paratypes from Rio Tuxpan, Mich., September 29, 1945, by Plummer, 
DeLong, Hershberger, Elliott. 


Mesamia interrupta n. sp. 

Resembling coloradensis and divisa in form and general appearance 
but with distinct male genitalia. Length of male 4.5 mm. 

Vertex roundedly produced, more than one-third wider between eyes 
at base than median length. 

Color: Vertex pale brownish with a dark brown band just above 
margin broadened either side of a narrow median pale interruption. 
There is a pale elongate spot either side just posterior to and in the 
concavity of the black marginal band. Pronotum dark brown with 
small dark brown spots just posterior to each eye. Scutellum brown 
tinged with orange, a pale linear longitudinal spot extending across 
scutellum about one-third the distance from each side at base. Elytra 
pale subhyaline with brownish mottlings, veins dark brown. Face 
brownish with paler arcs. A narrow dark brown transverse line just 
beneath margin interrupted at middle. 

Genitalia: Male plates elongate, rapidly narrowed to pointed apices. 
Style broad at base, short, rapidly narrowed to a bluntly pointed apex 
which is concavely indented on outer margin. Connective longer than 
aedeagus. The basal portion of the aedeagus is broad, the apical half 
is divided into two very slender processes which are not proximal. The 
pygofer spine is short, and protrudes caudally on the caudal margin 
of aedeagus. 

Holotype male and paratype males collected at Mexico City, D. F., 
September 13, 1939, by D. M. DeLong (elev. 7500 ft.). 


Mesamia separata n. sp. 

Resembling coloradensis in general form and appearance but with 
distinct male genitalia. Length 4.5 mm. 

Vertex rather short and broadly rounded, in the female appearing 
almost parallel margined. Almost twice as wide between eyes at base 
as median length. 

Color: Vertex pale brown, paler anteriorly with four black elongated 
spots forming a broken band just above margin. There is a transverse 
black spot next each eye and a pair of proximal triangular spots at apex 
with the broadened bases of the spots narrowly separated. Pronotum 
dark brown, anterior portion paler with three dark brown spots just 
back of each eye. Scutellum pale with basal angles reddish brown. 
Elytra pale subhyaline with dark brown veins and dark brown mottling. 
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Face dull brown with paler arcs and a narrow dark brown transverse 
band just beneath margin of vertex. 

Genitalia: Female last ventral segment with prominent produced 
angles between which the posterior margin is broadly notched either side 
of a short broad median tooth which is produced to the apex of the 
lateral angles. Male plates concavely narrowed on apical half to form 
bluntly pointed apices. The styles are elongate and wedge-shaped, 
gradually narrowed to pointed apices which are curved slightly out- 
wardly at the tip. The aedeagus is rather broad in lateral view and 
erect. The apical third is divided into three rather distinctly divided 
processes which are directed anteriorly. 

Holotype male and allotype female collected at Orizaba, Vera., Octo- 
ber 17, 1941 (K. 280) by Plummer, Good, Caldwell and DeLong. Para- 
type females collected at Tehuacan, Pue., October 17, 1941, by Cald- 
well, Plummer, Good and DeLong. Paratypes from Tasquilla, Hidg. 
(K. 174; 6000 ft.), October 30, 1945, by DeLong, Hershberger, Elliott. 
Male and female paratypes collected at K-187 on the Guadalahara 
Road, November 27, 1943, by W. E. Stone. 


Mesamia separata var. quadripuncta n. var. 


Resembling separata in general form and appearance but with 
different coloration. Length 4 mm. 

Vertex broad, scarcely produced, broadly rounded, more than twice 
as wide between eyes at base as median length. 

Color: Vertex pale with a small black triangular spot next each eye 
and a similar spot either side of middle just above margin. Disc infus- 
cated. Pronotum pale with disc darker, a row of three dark spots 
just back of eye on anterior margin. Scutellum paler. Elytra whitish 
hyaline, veins dark brown, clavus rather heavily infuscated. Face 
brownish with pale arcs and a dark brown line just beneath margin. 

Genitalia: Female last ventral segment similar to separata with the 
posterior margin notched either side of the short median spatulate 
process. 

Holotype female collected at Iguala, Gro., Mexico, September 11, 
1939, by Plummer and DeLong. 

When more material is available this will probably prove to be a 
distinct species. 


Mesamia puebla n. sp. 


Resembling orizaba in general form but with vertex more blunt and 
rounded, without distinct color markings and with female segment 
narrowly notched. Length 5 mm. ‘ 

Vertex blunt, rather broadly rounded almost half as long at middle 
as basal width between the eyes. 

Color: Dark gray, vertex unmarked except a very faint brownish 
line just above margin. Pronotum darker on disc, a few dark markings 
on anterior margin just back of eyes. Scutellum dark gray; basal 
angles of scutellum tinted with orange. Elytra gray, subhyaline, veins 
pale brown without markings; some of cross veins are pale in color. 
Face pale brown, infuscated above, with a pale narrow brown line just 
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beneath vertex margin. Abdomen yellow. Female last ventral seg- 
ment black. 

Genitalia: Female last ventral segment with produced lateral angles, 
the posterior margin rather narrowly notched, either side of a rather 
broad, rounded median tooth. 

Holotype female collected at Puebla, Pue., Mexico, October 18, 1941, 
by Caldwell, Plummer, Good and DeLong. 

Although only a single female specimen represents this species it is 
so unique in color and form it seems proper to describe in it this group. 


Mesamia frigida n. sp. 


Related to divisa by the characters of the male genitalia but with 
different appearance and coloration and with vertex more angularly 
produced. Length, male 5 mm. 

Vertex bluntly angularly produced, about twice as wide between 
eyes at base as median length. 

Color: Vertex appearing brownish, the anterior half dark brown 
blending into the marginal black line. Five light areas are produced, 
one at middle, one each side about half way between middle and eyes, 
just back of marginal line, and one next each eye. The posterior half 
pale brown, mottled. Pronotum dark brown mottled. A pale spot 
back of each eye containing three small dark brown spcts. Scutellum 
dark with paler spots. Elytra appearing quite dark brownish, due to 
the heavy pigment lines and numerous supernumerary veinlets on the 
claval area especially. The corium and costal portions are paler with 
dark brownish veins. Face dark brown with pale arcs, a black trans- 
verse marginal line just beneath vertex margin. 

Genitalia: Male plates rather long, remaining rather broad to tips 
which are blunt and rounded. Styles triangular, rather broad at base, 
tapered to finger-like apices. Aedeagus in lateral view right angled in 
shape, broadest at middle, with three long apical processes, the central 
one of which is largest. These curve anteriorly and are produced 
dorsally. The pygofer spine is short and at the base of the apical 
portion. 

Described from a single male collected at Rio Frio (K. 65; 10,000 ft. 
elevation), October 10, 1945, by DeLong, Hershberger and Elliott. 


NOTES D’ENTOMOLOGIE CHINOISE.—This serial and the following one 
are not well known in the U.S. They are published by, the Musée Heude, Univer- 
sité l'Aurore, Avenue Dubail, Shanghai, China. The ‘.Notes-’ has already com- 
pleted its tenth volume, having commenced in 1929. Each volume consists of a 
number of papers, appearing separately. The volumes have carried from three to 
14 articles and 85 to 486 pages each. Eight numbers were published in 1942 and 
1943, and publication is expected to resume shortly. The articles are mostly 
written in French or English, and deal with insects from China and Indo-China. 
Most of the papers are taxonomic and principally concern material in the Musée 
Heude, which has the best collection of Chinese insects. Four Americans, C. P. 
Alexander, W. D. Funkhauser, J. L. Gressitt and E. R. Tinkham have published 
from two to four articles each in this serial. The other authors are Savesean, 
Chinese and Japanese.—J. L. GREssiTT. 








LAMINOMADA, NEW SUBGENUS OF NOMADA 
(Hym.: Apoidea) 


HUGO G. RODECK, 
University of Colorado Museum 


Subgenus Laminomada, new 


Type species, Nomada hesperia Cockerell 1903, present designation. 

Medium-sized (8-11 mm.), vernal (March-June), sexually mono- 
morphic species of rather robust form. The type and only known 
species possesses the following peculiarities which distinguish it from 
Holonomada, in which it has formerly been included: 

Similar in facies to Holonomada except size somewhat smaller; sides 
of propodeum not angulate; second and third cubital cells broad below, 
extremely narrowed above on marginal cell; anterior femora of male 
expanded below to form a very broad lamina, deeply concave in front; 
anterior coxae with strong spines, nearly hidden in tufts of hair in male, 
gonostyli (parameres) of male genitalia peculiarly twisted apically. 


Nomada (Laminomada) hesperia CkIl. 


Nomada (Holonomada) hesperia Cockerell, Proc. Acad. Nat. Sci. Phila., 55: 563-4, 
1903. ‘‘So. Cal.,”20'o¢ 

Nomada (Holonomada) hesperia Cockerell, Psyche, 17: 98, 1910. Pullman, Wash., 
May 15 and 23, 1909 (7 2). 

Nomada (Holonomada) flavopicia Swenk, Univ. Nebraska Studies, 12: 84, 1912 
(1913). New species, 1 9, Pullman, Washington, May 14, 1898. 
Male.—Length 8-11 mm. Head and thorax strongly, densely, and 

uniformly punctured except lower face and labrum. Head and thorax 
with yellow or pale yellow markings as follows: mandibles except tips; 
labrum; clypeus; broad lateral face-marks ending in an oblique point 
or obliquely curved truncation about or slightly above level of antennal 
sockets; a narrow line a short distance under eye. Tubercles usually 
yellow, but in Oregon and Washington specimens sometimes only 
yellow-spotted or black. 

Mandibles short and stubby, rather straight, edges produced into a 
thin flange. Hair rather long, white, denser on lower face and beneath 
head and thorax, somewhat appressed on face. Scutellum moderately 
protuberant, not strongly bilobed. Antennal segment 3 very slightly 
if at all longer than 4. Scape yellow in front, black at sides and behind. 
Segment 3 yellow in front, rest of flagellum pale ferruginous in front, 
blackened and undulate behind. Tegulae yellow except basally. 

Wings uniformly and very slightly infuscated, in Oregon and Wash- 
ington specimens practically hyaline. Basal vein considerably basad 
of transverse median (fig. 6). Second cubital cell much narrowed above 
by obliquity of both first and second transverse cubital veins, receiving 
first recurrent vein beyond middle of base. Third cubital much nar- 
rowed above by the strong curvature of third transverse cubital. Second 
recurrent strongly angulate, meeting third cubital at about the middle. 
Hamuli 7-8. 

Legs black and yellow. Anterior coxae (fig. 2) with short, conical, 
pointed, black tubercles, hidden in long, dense, white hair. Anterior 
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femora very widely expanded into a concavo-convex lamina (fig. 2); middle 
femora widely expanded below toward apical end; hind femora strongly 
arcuate upward on basal half; middle, and particularly hind, basitarsi 
arcuate. Yellow markings on legs as follows: anterior trochanters 
except base; anterior femora except a V-shaped black mark on top, 
with apex at distal end of femur, sometimes divided; anterior tibiae 
except a line outside; all anterior tarsi except apical segment; middle 
trochanters except above; front and lower edge of middle femora; 
middle tibiae except behind; basal two to four middle tarsi; a line on 
apical three-fourths of front of hind femora; whole front of hind tibiae; 
hind basitarsi in front. Hind tibiae with a conspicuous tuft of long 
hair apically within; about a dozen pale bristles without. 

Abdomen black with yellow bands, finely and densely punctured. 
Complete yellow bands on segments 1-6, steeply much narrowed medi- 
ally on segment 1, broadly narrowed to about one-half the lateral 
breadth on 2-4, subuniform on 5 and 6. Hair of abdomen moderately 
dense but very short and fine except at apex. Venter of abdomen with 
broad yellow bands on all except basal sternite, this sometimes with 
two arcuate marks or without yellow. Seventh tergite blackish brown, 
moderately broadly rounded, entire. Genitalia (figs. 3-5). 

Female.—Much like the male, but with the following differences: 
Punctures of head and thorax strong and dense except on labrum. 
Yellow marks on head and thorax like the male, but also a short line 
over apex of eye; dorsum of prothorax; tubercles; a low anterior pleural 
spot; separated spots on scutellum; a line on postscutellum; and small 
spots on all coxae. 

Dorsum of prothorax not very prominent, rounded laterally, 
depressed medially considerably below level of antero-median portion 
of mesonotum. Mandibles rather short, edges flanged. Hair of head 
and thorax somewhat golden, not very long or dense. Antennae darkened 
and slightly undulate behind; flagellum gradually thickened toward 
tip, terminal segment flat-pointed. Tegulae yellow. Wings very 
slightly and uniformly darkened. Hamuli 8-9. 

Anterior coxae with a short, stout, conical, pointed tubercle. Femora 
not unusually expanded, hind pair slightly arcuate and obliquely joined 
to trochanter. Legs yellow except black markings as follows: front of 
anterior coxal tubercle; a line behind front femora and tibiae, middle 
and hind tibiae, and inside of hind basitarsi. Apex hind tibiae with 
about eleven graduated, flattened golden bristles outside. 

Abdomen as in male. 

Distribution. —California, Oregon, Washington (fig. 1). 

The female of hesperia has not previously been described as such 
nor an allotype selected. Swenk’s type of flavopicta is available for 
designation as allotype, but the specimen is in bad condition (examined 
8 May 1942) and moreover is from Washington. Since the male holo- 
type is from ‘So. Cal.’’ the following description and designation of 
allotype is presented. 

Allotype—Female. Length 9 mm., front wing 6.5 mm. Head and 
thorax moderately coarsely punctured, punctures dense and uniform. 
Head and thorax black, with yellow markings as follows: Mandibles 
except tips; labrum; clypeus; broad lateral facemarks narrowing rap- 
idly to a blunt point about half-way between antennal sockets and top 
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of eye; a line under eye and narrowly a short distance up posterior 
orbit; a very short narrow line over top of orbit; dorsum of prothorax; 
tubercles; low anterior mesopleural spot; large separated scutellar spots; 
line on postscutellum. There are no propodeal spots and no supra- 
clypeal yellow. Yellow of clypeus and lateral facemarks separated by 
a black line half-way down sides of clypeus. 

Orbits converging below in face view, face wider than high. Tubercles 
pointed-protuberant. Mandibles rather short, expanded along both 
edges into a narrow flange-like lamina which increases apparent breadth 
of apical half of mandible. Hair white, sparse, short except on scu- 
tellum, dorsum of propodeum, and under cheeks. Scutellum mod- 
erately protuberant, not strongly bilobed, apices rounded. Antennae 
moderately long, flagellum somewhat heavy. Scape cylindric, sub- 
arcuate, yellow in front, black behind. Antennal segment 3 slightly 
longer than 4, yellow in front, blackened behind. Segments 4 and 
following light ferruginous, decreasingly darkened behind toward apex. 
Tegulae broad, oval-elongate, finely and uniformly punctured, shining 
yellow. 

Wings very uniformly, but slightly, infuscated. Hamuli 8. Basal 
vein basad of transverse median more than half the length of the latter. 
Second cubital cell very much narrowed above (less than one-fourth of its 
basal breadth) by the obliquity of first and second transverse cubital 
veins, receiving first recurrent vein beyond middle of vase. Third 
cubital much narrowed above (about one-third basal breadth) by 
strongly angled third transverse cubital, receiving second recurrent 
about middle of base. 

Legs yellow and black. Anterior coxae with a stout, conical, pointed 
spine at apex. Coxae black, with small apical yellow spots, those on 
anterior coxae involving front of spines. A yellow line on outside of 
front coxae. Anterior and middle trochanters yellow apically in front, 
black behind; hind pair black. All femora, tibiae, and tarsi yellow, 
blackened behind except front and middle tarsi. Hind femora arcuate, 
obliquely attached to trochanters. Apex of hind tibiae with about 
eleven flattened, golden bristles, graduated in length, intermixed with 
a few white hairs. 

Abdomen black with yellow bands; punctures very dense and uni- 
form, but not deep. Yellow entire bands on all abdominal tergites, 
somewhat narrowed medially on first three segments. Abdomen nearly 
hairless, hairs minute. First abdominal sternite with a minute yellow 
subapical mark on either side sublaterally, remainder of venter nearly 
all yellow. 

Pleyto, Monterey Co., California, 22 May 1920, E. P. Van Duzee 
collector. From ‘the C. L. Fox Collection, and deposited in the Cali- 
fornia Academy of Sciences. 

SPECIMENS EXAMINED: California—1 female, San Ardo, Monterey 
Co., 23 March 1931, E. P. Van Duzee; 2 males, Salinas, 26 March 1936, 
E. G. Linsley; 2 males, 4 females, Zion, 4 April 1939, E. G. Linsley; 
1 male, Leona Hts., Berkeley Hills, 6 April 1913, J. C. Bridwell; 1 male, 
Antioch, 11 April 1936, M. A. Cazier; 1 male, Carmel, Monterey Co., 
15 April 1919, L. S. Slevin; 1 female, Walnut Cr., Contra Costa Co., 
19 April 1913, J. C. Bridwell; 1 female, Lake Elsinore, 21 April 1920, 
E. P. Van Duzee; 9 females, Mt. Diablo, Contra Costa Co., 28 April 
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1939, M. A. Cazier; 3 females, Berkeley, 8 May 1912, J. C. Bridwell; 
1 female, Pismo, 8 May 1936, on Morning Glory, Isobel McCracken; 
2 females, Pleyto, Monterey Co., 22 May 1920, E. P. Van Duzee 
(Allotype). 





| 


Nomada hes peria Cockerell 
Fic. 1. Distribution of N. hesperia Ckll. shown by circles, of N. h. falconis 
n. subsp. by square. 2. Left front leg of male showing coxal spine and expanded 
femur. 3. Genitalia of male. 4. Ninth ventral segment of male. 5. Eighth 
ventral segment of male. 6. Venation of fore wing. 
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Oregon—1 male, Corvallis, April 1930, J. Wilcox. 

W ashington—All records from Pullman, as follows: 1 female, 15 April 
1907; 1 male, 18 April 1907; 1 female, 19 April 1904; 1 male, 26 April 
1904, A. L. Melander; 1 male, 26 April 1907; 1 male, 29 April 1891, 
A. L. Grant; 1 male, May; 1 male, 1 May; 3 females; 4 May 1901; 
1 male, 9 May 1907; 1 male, 13 May 1916; 1 male, 18 May 1906; 1 male, 
23 May 1909, W. M. Mann; 1 female; 26 May 1907; 1 female, 27 May 
1902, C. V. Piper; 1 female, 1 June 1909; 1 female, 2 June 1907; 1 female, 
7 June 1905. 

The characters of hesperia are remarkably uniform, even from the 
extremes of its range, with the exception of a group of specimens (2 
males, 4 females) from Gavilan, California, which are recognizably 
different from the majority of the specimens examined and are prob- 
ably worthy of subspecific recognition. 


Nomada (Laminomada) hesperia falconis, new subsp. 

Male.—Differs from typical hesperia, as described above, in more 
extensive yellow markings, including scutellar spots, a postscutellar 
line, arcuate marks on first abdominal sternite, and all tarsal segments. 
A paratype has, in addition, a large pleural spot with a tiny dot above, 
as well as tiny incipient spots on either side of propodeum. 

Female.—Slightly larger than typical hesperia, and with more 
extensive yellow markings, including most of all coxae, a very large 
pleural spot joining a smaller round spot below wing bases, conspicuous 
propodeal spots, axillary spots, and the line under eye extending hallt- 
way up posterior orbit. 

SPECIMENS EXAMINED: Gavilan (near Perris, Riverside Co.), Cali- 
fornia, 2 males (Type), 1 female (Allotype), 19 March 1936, on Rhus 
trilobaita, P. H. Timberlake; 1 female, 27 March 1933, C. M. Dammers; 
1 female, 1 April 1938, on Plagiobothrys californicus, P. H. Timberlake; 
1 female, 7 April 1939, on Cryptantha intermedia, P. H. Timberlake. 
Type and allotype in collection of P. H. Timberlake. 

It will be seen that the male of falconis is marked like the female 
of typical hesperia, while female falconis is much more yellow. The 
locality is the southernmost known for hesperia, and the subspecies may 
be indicative of what might be expected of specimens from farther 
south. 

The season of flight in the various states in the range of hesperia is 
as follows: 


California—Males 19 March 15 April 
Females 19 March 22 April 

Oregon (insufficient data) 
Washington—Males 18 April 18 May 
Females 19 April 7 June 


which indicates that the species flies about a month later at Pullman, 
Washington, than the average of the California dates. It may be 
noted that the season of subspecies falconis, 
California—Males 19 March 
Females 19 March * 7 April 


corresponds to the early portion of the season of hesperia, but this may 
not prove to be significant in the light of subsequent collections. 














NOTES ON SOME GALL-INHABITING 
CHALCIDOIDEA (HYMENOPTERA) 


A. B. GAHAN! and CH. FERRIERE? 


A great many chalcidoids inhabit plant galls. By far the greater 
portion of these are parasitic upon the true gall makers, which may be 
dipterous, hymenopterous, lepidopterous, or hemipterous insects. 
However, a considerable number of chalcidoid genera and species are 
now known to be the cause of the galls which they inhabit. The num- 
ber of these in comparison to the total number of gall-inhabiting forms 
is relatively small; yet in the aggregate they constitute a sizeable list 
of genera. 

This gall-forming habit is found among several different groups of 
chalcidoids. One small group, represented by Rhicnopeltella Girault, is 
placed among the Eulophidae because of its 4-segmented tarsi. Another 
group, composed of Tanaostigma Howard, Tanaostigmodes Ashmead, 
Monopleurothrix Mayr, Cubaniella Russo, Eutetracera Brethes, Tri- 
chencyrtus Ashmead, Minapis Brethes, and other related genera, and 
comprising the tribe Tanaostigmini, is apparently most closely related 
to the family Encyrtidae. In the Eurytomidae the gall-forming habits 
of Harmolita and related genera are well known. Still another group 
is made up of a number of genera which have been variously placed by 
different authors, some in Perilampidae, others in Pteromalidae, and 
still others in Miscogasteridae. 

It is the purpose of this paper to deal only with the last indicated 
group of genera for which we shall use the tribal name Brachyscelidi- 
phagini, a name first used by Girault (Mem. Queensland Mus., vol. 2, 
p. 309, 1913) as a tribal name in Pteromalidae. Subsequently Giralut 
(Mem. Queensland Mus., vol. 5, pp. 222-226, 1916) transferred to the 
family Perilampidae, Brachyscelidiphaga and others of the genera which 
he originally included in the tribe. We have brought together under 
this tribal name several genera described by Ashmead, Mayr, Cameron, 
Crawford, and Girault. Very likely several other genera described by 
Girault belong here, but since no representatives of these were available 
and the descriptions are inadequate they have been omitted. Of the 
genera included, many are known to be gall formers. The biologies of 
others are as yet in doubt or entirely unknown. Although all seem to be 
closely related morphologically it would not be surprising if some should 
prove to be either partially or entirely parasitic. 

In our opinion this group of genera is not closely related to Peri- 
lampidae. It does not have the well-defined supraclypeal area found 
in perilampids, the prepectus is not closely united with the lateral 
aspect of the pronotum, and the abdomen does not have the apical 
segments retracted. Most of the included genera would run in the 
classification by Ashmead to the family Miscogasteridae (Miscogaster- 


1Bureau of Entomology and Plant Quarantine, Agricultural Research Admin- 
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inae of Schmiedeknecht) because of the bicalcarate hind tibiae. Two or 
three of the included genera, however, have only one calcarium on the 
hind tibia, yet are obviously closely related to the forms having two 
calcaria. We are convinced that this character is unreliable as a means 
of separating major groups and that the family Miscogasteridae should 
be merged with the Pteromalidae. The genus Miscogaster Walker, upon 
which the family name Miscogasteridae is based, was synonymized with 
Lamprotatus Westwood by Walker (List Hymenoptera British Museum, 
Chalcidites, I, pp. 29-33, 1846) with the transfer of its genotype, M. 
hortensis (Curtis) Walker and many of the previously described species 
to Westwood’s genus. Examination of types in the British Museum 
confirms this synonymy. Kloet and Hincks (Check List of British 
Insects, p. 189, 1945) have substituted the family name Lamprotatidae 
for Miscogasteridae. Since we consider the Lamprotatidae to be a 
part of the family Pteromalidae we have reduced the group to sub- 
family rank and made the present group a tribe of that subfamily. 


Family Pteromalidae 
Subfamily Lamprotatinae 
Tribe Brachyscelidiphagini 


It is not easy to define this group. While the various forms have a 
common habitus somewhat different from other chalcidoids and by 
which they can usually be recognized at sight, there appears to be no 
structural character common to all of them which is not duplicated 
somewhere else in the Chalcidoidea. They differ from other lampro- 
tatines chiefly by the more compact form of the thorax, the bidentate 
mandibles and the fact that the scutellum is usually without a trans- 
verse groove. 

Body rather robust. Head, as viewed from in front, usually broader 
than high; clypeus more or less protruding beyond margin of head; 
mandibles bidentate, both teeth acute at apex, the inner one with a 
broadly rounded lobe on its inner margin; face flat or subconvex, never 
with a definite, set-off, supraclypeal area as in Perilampus; scrobal 
cavity not carinately margined; frons broad; ocelli in a low triangle; 
head, viewed from above, usually strongly transverse but occasionally 
rather thick anteroposteriorly; occiput never distinctly margined and 
rarely strongly concave; antenna with 11 to 13 segments. Prothorax 
short, the dorsal aspect of pronotum strongly transverse, rounded off in 
front and at sides, never carinately margined anteriorly; mesoscutum 
subconvex, never gibbous; parapsidal grooves complete and always 
widely separated at posterior ends; scutellum usually convex from side 
to side but occasionally nearly flat, sometimes produced at apex so as 
to overhang the metanotum but often not produced; mesopleuron with 
a distinct femoral impression; prepectus triangular, not jointed to 
posterior margin of lateral aspect of pronotum; propodeum rather short, 
without a neck. Hind tibia usually with two spurs, rarely with only 
one. Wings well developed. Abdomen sessile or subsessile, rarely with 
a short petiole; ovipositor never prominently exserted. Color usually 
yellow or black, very rarely metallic. 
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10. 


11. 


13. 


14. 


KEY TO SOME GALL-INHABITING GENERA 


. Antennae inserted near clypeus; scutellum flat; axillae broadly separated... .. 2 


Antennae inserted nearer middle of head, at least on or above a line connect- 
ing the lower extremities of the eyes; scutellum usually strongly convex; 
SU THUS CORT COs oo oso nhs Se tciccbnecwcnceeusmeewesess 

Scutellum with a punctate cross furrow; antennae 12-segmented, club 2-seg- 
mented. Coloration motallic.......6... 060s cviccscss neces 1. Eucoelocybomyia 

Scutellum without a cross furrow; antennae with either 11 or 13 segments, 
club solid or with 3 segments. Coloration usually nonmetallic 


Antenna 1l-segmented, club solid.............. 2... eee eee 2. Pareunotus 
Antenna 13-segmented, club 3-segmented...................... 3. Coelocyba 
I ea. ve.0 5.00.0 0 eed iusvecacnesbataretinewendeerene 
DR DI v.56 5. 9:9.00. 6.455 400 BUNGE LR RKER SAKE KAR ERO 9 
Funicular segments in the female transverse and produced dorsally into 
STD SEGRE, TAMNONE TA TEED 0 5g so vdceidivc cs cew dn eudsnadaea won 4. Terobiella 
Funicular segments not produced dorsally in the female and not ramose in 
NO I ya oa ot 0 cvs dade cc's memeahe hae meeauma Was terre meee Maen 6 


Antenna without a ring segment; axillae rather widely separated; postmar- 
ginal vein short 


I, Wires CW BU OI oo ios oc cnn oiencg sh oxecnuin ce edna 8 
Marginal vein greatly thickened at base of stigmal vein; antennal club 
PIN 5. 6 0:cid ohne renee Uaatind etched amare cue aaeed 5. Leeuweniella 


Marginal vein not thickened; antennal club 2-segmented. .6. Epichrysomalla 
Axillae distinctly separated; postmarginal vein much longer than stigmal 
and about as long as marginal; antennal club 2-segmented, the segments 
distinctly separated; head and thorax more or less metallic. .7. Cecidoxenus 
Axillae meeting; postmarginal vein practically absent; antennal club 3-seg- 
mented, the segments not distinctly separated; head and thorax brownish 
Riis. ite 8.45 Reed te add da deen ee eae eee 8. Eufroggattiana 
Antenna with 4 ring segments and 4 funicular segments; prepectus closely 
united to mesepimeron and with a prominent nodelike swelling at its 
dorsal margin; stigmal vein as long as or longer than marginal. .9. Mayrellus 
Antenna with less than 4 ring segments or with the flagellar segments all so 
much alike that it is impossible to distinguish between ring segments and 
funicular segments; stigmal vein usually shorter than marginal.......... 10 
Forewing with a very distinct and strongly curved basal vein and the median 
vein also represented by a distinct fuscous line; basal vein in posterior 
wing distinct; postmarginal vein much longer than marginal; stigmal vein 
rather long and abruptly bent near middle; posterior tibia with only one 
WOO i. oo cr tasciegnaNcreckendecveundn cd ceadeae dade 10. Espinosa 
Forewing and hind wing with basal and median veins effaced; disagreeing 
with some of the other characters mentioned. ...............00 cece eens 
Antenna without true ring segments, the third antennal joint always longer 
than broad; scrobal cavity rather deep with the anterior ocellus located 
Oe TA I Cee Fi dstidscccst ehasaceucedcdacceagseres 11. Perilampella 
Antenna with at least the third segment transverse and ringlike; anterior 
ocellus located above the scrobal cavity ........... cece cece cece cece 12 
Antenna with only 1 ring segment and 7 funicular segments, the fourth 
antennal segment much broader and longer than the third.............. 13 
Antenna with 2 or 3 distinct ring segments and 5 or 6 funicular segments 
(1 or more of the ring segments sometimes longer than broad) or with the 
antennal segments from 3 to 10 all transverse and becoming successively 
SOO 5c eceaW Recerca nends Macctcuucne Val weseNama teaser inee cance es 15 
Stigmal vein very nearly perpendicular to anterior margin of wing, its knob 
bent at nearly a right angle to basal part; postmarginal vein reduced to 
WH SI lin os ik a ts eae ri-cieeaNanecee eee 12. Pembertonia 
Stigmal vein not perpendicular to wing margin; postmarginal vein well 
I 6 6a Sn hckh oe dbs Swedes idsccennewepecneRteneeNemeeeceeea 14 
Marginal vein narrow; stigmal vein elongate, the stigmal knob small; axillae 
meeting on median line of thorax...................... 13. Lisseurytoma 
Marginal vein thickened; stigmal vein short, its knob subsessile; axillae 
ON TI 6 a 6 x cd Sec deuce is seesengewates ese 14. Asparagobius 








274 Annals Entomological Society of America |Vol. XL, 


Ee I I I BI oo isk ops 5 Ne eA eae CGI bes eee ea 16 

ee rey er ere er ee rr rr ree 17 
16. Antennal flagellum distinctly clavate, the segments between pedicel and 
club all transverse and successively increasing in width from first to last; 
scape short, not attaining anterior ocellus; scutellum not carinately 

ER ere eer: 15. Brachyscelidiphaga 
Antennal flagellum weakly clavate, the first two segments between pedicel 
and club small and ringlike, the following segments all at least as long as 
broad; scape attaining level of vertex; scutellum carinately margined at 

I ern ica pas eer ae Ne Medicis YORm ais cows Aekae Alaa se 16. Perilampomyia 
17. Posterior femur swollen and armed beneath a little beyond the middle with a 
broad blunt toothlike projection; abdomen not longer than thorax and 


strongly compressed from the sides.................... 17. Systolomorpha 
Posterior femur not especially swollen and without a toothlike projection; 
abdomen not SIFORBlY COMPOSE. .. 0... ccc cece eee ccs cceccecsies 18 
A, Py DOIN ng os veer ors ibacscorncecwccesgaevess 18. Hemada 
Axillae touching or very narrowly separated............. 02: cece cece eeees 19 


19. Antenna with 3 ring segments; stigmal vein about half as long as marginal, 
with a rather large rounded knob; axillae slightly separated, 19. Coelocybella 

Antenna with only 2 ring segments; stigmal knob rarely large; axillae usually 
Ss iiaE is oa a 6 Oe ene ee tM ASAI Seema eae aed 20 

20. Thorax dorsally either perfectly smooth finely lineolated, or with shallow 

reticulate punctate sculpture, always more or less shining; antennae 
inserted above lower extremities of eyes. .......... 0. cece cence cece eee 21 

Thorax strongly sculptured, either umbilicately punctate or densely and 

finely rugulose-punctate, dull; antennae inserted on a line with lower 


ND IU nov desc ke cco sce eacurtpeneds See bde tues vantsoks é 23 
21. Marginal vein thickened; wings with discal ciliation usually subobsolete 
(normal in elewesla: CaM.) . i... ce scsi eseccacees 20. Trichilogaster 
Marginal vein not thickened; discal ciliation normal, sometimes quite dense. .22 
22. Forewing hyaline; axillae slightly separated............. 21. Coelocybelliodes 
Forewing infuscated, especially on the anterior part behind marginal and 
postmarginal veins; axillae joined................. 22. Trichilogastroides 


23. Dorsum of thorax with distinctly umbilicate punctures; stigmal vein strongly 
and evenly curved from base to apex, much shorter than marginal vein; 
pedicel about one and one-half times as long as thick. . . .23. Decatomothorax 

Dorsum of thorax finely and densely rugulose-punctate; stigmal vein nearly 
straight, nearly as long as marginal vein; pedicel two and one-half times 
TINIE Sk ao vis ee eae th oe ea ehea te ee eees 24. Alloderma 


1. Genus Eucoelocybomyia Girault 
Eucoelocybomyia Girault, Mem. Queensland Mus., vol. 3, p. 306, 1915. 


This genus has been placed in the key solely on the basis of Girault’s 
description. The only described species, E. aerea Girault, is said to 
have been reared from galls on young gum trees (Eucalyptus) at Mel- 
bourne, Victoria, Australia. 

The metallic coloration and the presence of a transverse row of 
punctures on the scutellum suggest that this genus may belong to the 
tribe Tridymini rather than to Brachyscelidiphagini. 


2. Genus Pareunotus Girault 
Pareunotus Girault, Mem. Queensland Mus., vol. 3, p. 323, 1915. 
Paracoelocyba Girault, Mem. Queensland Mus., vol. 5, p. 223, 1916. 


The above generic synonymy was stated by Girault in one of his 
privately published pamphlets (Indications [in New Insects] of Ruling 
Power and Law in Nature, p. 3, 1925). Four species, all from Australia, 
are indicated as belonging in the genus, viz.: Pareunotus flavicorpus 
Gir., Paracoelocyba acincta Gir., minuta Gir. and varifasciata Gir. In 
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the original description of Pareunotus (of which P. flavicorpus is the 
genotype) the antennae were said to be 10-segmented, but in the later 
description of Paracoelocyba (of which P. acincta is the genotype) they 
are stated to be 1l-segmented. The present authors have seen neither 
genotype, but a paratype of minuta which is in the United States 
National Museum has the antenna short, 11l-segmented, strongly 
clavate, the eight segments between pedicel and club all transverse and 
increasing successively in width from first to last, the club solid and 
much thicker than the pedicel. 


3. Genus Coelocyba Ashmead 
(Figs. 1 and 1a) 
Coelocyba Ashmead, Proc. Linn. Soc. N. S. Wales, vol. 25, p. 344, 1900. 


Coelocybomyia Girault, Mem. Queensland Mus., vol. 3, p. 304, 1915; vol. 5, p. 222, 
1916. 


The synonymy of Coelocybomyia with Coelocyba was recorded by 
Girault in the 1916 publication cited above. We have seen only the 
genotype of Coelocyba, C. nigrocincta Ashmead, which is represented in 
the United States National Museum collection by more than 40 spec- 
imens, including the type series, and in the British Museum by 5 spec- 
imens previously standing under an unpublished Cameron manuscript 
name. The types of C. nigrocincta are said to have been bred from galls 
of an agromyzid on Eucalyptus corymbosa at Sydney, New South Wales. 
Girault has described several additional species from Australia. Some 
of these he subsequently referred to other genera. The four species 
described by him in Coelocybomyia (viz., sexfasciata, novisexfasciata, 
persimilis, and nigriventris), judged by the descriptions, seem to be 
nothing more than color variations of nigrocincta Ashm. Two of the 
four are recorded as reared from ‘“‘aborted capsules of red gum caused by 
a dipterous larva, Agromyza sp.,’’ while another is said to have been 
reared from galls on young gum. 

According to N. S. Noble (Proc. Linn. Soc. N. S. Wales, vol. 66, 
p. 193, 1941), C. nigrocincta Ashm. was reared by him from galls made 
by the chalcids Tepperella trilineata Cam., Trichilogaster maideni Frogg. 
and T. acaciae-longifoliae Frogg. on Acacia spp. His observations show 
that in some cases, at least ,C. nigricincta destroys the gall-maker larvae. 

It appears probable nigrocincta is a true parasite and not a gall 
maker. 

A list of the species and their probable synonymy follows: 

Coelocyba nigrocincta Ashm., Proc. Linn. Soc. N. S. Wales, vol. 25, p. 344, 1900. 

Syn., Coelocybomyia nigriventris Gir., Mem. Queensland Mus., vol. 3, p. 305, 

1915. New synonymy. 
Syn., Coelocybomyia persimilis Gir., Mem. Queensland) Mus., vol. 3, p. 305, 
1915. New synonymy. 
Syn., Coelocybomyia sexfasciata Gir., Mem. Queensland Mus., vol. 3, p. 304, 
1915. New synonymy. 
Syn., Coelocybomyta novisexfasciata Gir., Mem. Queensland Mus., vol. 3, p. 
304, 1915. New synonymy. 
Coelocyba turnert Gir., A New Habit in an Old Insect, Homo pudicus and New 

Eurytomidae, p. 1, 1931. 

Coelocyba varicinta Gir., Insecutor Inscitiae Menstruus, vol. 14, p. 66, 1926. 
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4. Genus Terobiella Ashmead 
(Fig. 2) 


Terobiella Ashmead, Proc. Linn. Soc. N. S. Wales, vol. 25, p. 343, 1900. 

Paraterobia Ashmead, Mem. Carnegie Mus., vol. 1, p. 274, 1904. New synonymy. 

Tepperella Cameron, Proc. Linn. Soc. N. S. Wales, vol. 36, pt. 4, p. 652, 1911. New 
synonymy. 

Perilampoides Girault, Mem. Queensland Mus., vol. 2, p. 302, 1913. 

Melanosomella Girault, Can. Ent., vol. 45, p. 222, 1913. 


The genotype of Paraterobia (P. nigriceps Ashm.) is wholly con- 
generic with the genotype of Terobdiella (T. flavifrons Ashm.) but a 
different species. Types of both species are in the United States National 
Museum. The genotype of Perilampoides (P. bicolor Gir.) is in the 
Queensland Museum and has not been seen, but the description of the 
genus seems not to differ materially from Terobiella and Girault has 
redescribed the type specimen of Paraterobia nigriceps as Perilampoides 
aurantiscutum (Mem. Queensland Mus., vol. 5, p. 224, 191 ). The 
genotype of Melanosomella (M. flavipes Girault) has been synonymized 
with Terobdiella flavifrons Ashm. by Girault (Mem. Queensland Mus., 
vol. 5, p. 222, 1916). 

Tepperella has as its genotype T. maculiscutis Cam., the type of 
which is in the British Museum. It has been examined by the junior 
author and found to belong in Terobdiella and to be a synonym of nigri- 
ceps (Ashm.). One other species described by Cameron as Tepperella 
trilineata is here transferred to Trichilogaster. Several additional 
species which are unknown to us have been described by Girault and 
one by Gallard. 


A list of the species follows: 


Terobiella adolphi (Gir.), new combination. 
Syn., Pertlampoides adolphi Gir., A New Habit in an Old Insect, Homo pudicus 
and New Eurytomidae, p. 1, 1931. 
Terobiella bicolor (Gir.), new combination. 
Syn., Perilampoides bicolor, Mem. Queensland Mus., vol. 2, p. 302, 1913. 
Terobiella blackburnt (Gir.), new combination. 
“so blackburni Gir., Some New Hexapoda Stolen from Authority, 
1928 
Terobiclla cinctitibiae (Gir.), new combination. 
Syn., Perilampoides cinctitibiae Gir., A New Habit in an Old Insect, Homo 
pudicus and New Eurytomidae, p. ‘1, 1931. 
Terobiella dilutiventris (Gir.), new combination. 
— dilutiventris Gir., Mem. Queensland Mus., vol. 2, p. 301, 
1913 


Terobiella eucalypti (Gallard), new combination. 

Syn., Tepperella eucalypti Gallard, Australian Naturalist, vol. 8, p. 40, 1930. 
Terobiella flavifrons Ashm., Proc. Linn. Soc. N. S. Wales, vol. 25, p. 343, 1900. 

Syn., Melanosomella flavipes Gir., Mem. Queensland Mus., vol. 5, p. 222, 1916. 
Terobtella flavithorax (Gir.), new combination. 

Syn. Perilampotdes flavithorax Gir., Mem. Queensland Mus., vol. 3, p. 303, 1915. 
Terobtella nigriceps (Ashm.), new combination. 

Syn., Paraterobia nigriceps Ashm., Mem. Carnegie Mus., vol. 1, p. 274, 1904. 

Syn., Tepperella maculiscutis Cam., Proc. Linn. Soc. N. S. Wales, vol. 36, 
p. 653, 1911. New synonymy. 

Syn., Peritlampoides aurantiscutum Gir., Mem. Queensland Mus., vol. 5, p. 224, 
1916. Note.—In the Giraultian pamphlet, ““A New Habit in an Old Insect, 
Homo Pudicus and New Eurytomidae,,” pp. 1 and 2, 1931, he has proposed 
three varieties or subspecies of aurantiscutum, viz. regis, rex and anna, despite 
the fact that he had himself synonymized aurantiscutum many years pre- 
viously. These forms have not been seen by the writers and are not recog- 
nizable from the descriptions. 
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Terobiella particolor (Gir.), new combination. 
Syn., Perilampoides particolor Gir., Mem. Queensland Mus., vol. 3, p. 303, 1915. 
Terobtella regalis (Gir.), new combination. 
Syn., Perilampoides regalis Gir., A New Habit in an Old Insect, Homo pudicus 
and New Eurytomidae, p. 2, 1931. 
Terobiella scutatus (Gir.), new combination. 
Syn., Perilampoides scutatus Gir., loc. cit., p. 1, 1931. 
Terobtella similis (Gir.), new combination. 
Syn., Perilampoides similis Gir., Insecutor Inscitiae Menstruus vol. 5, p. 147, 
1917. 
Terobiella sismondi Gir., A New Habit in an Old Insect, Homo pudicus and New 
Eurytomidae, p. 2, 1931. 
Terobiella tennysoni (Gir.), new combination. 
Syn., Pertlampoides tennysoni Gir., Insecutor Inscitiae Menstruus, vol. 8, p.50, 
1920. 


Species for which rearing records are available all inhabit galls on 
Eucalyptus and are believed to be the gall makers. The genus is known 
only from Australia. 


5. Genus Leeuweniella Ferriére 

Leeuweniella Ferriere, Ann. Soc. Ent. de France, vol. 98, p. 148, 1929. 

Leeuweniella ficophila Ferr. is closely related to Epichrysomalla 
atricorpus Gir., but is clearly distinct. by the strong thickening of the 
veins at the base of the stigmal vein. The original description is not 
quite correct in that the antenna has only one and not two annelli; 
what had been considered as a short first annellus is in reality the small 
petiole between pedicel and first flagellar joint; the antenna is 12-jointed 
with no real ring joint. Moreover, the axillae do not meet in the middle 
in dry specimens. 

The only known species makes galls on Ficus recurva Bl. in Java. 


6. Genus Epichrysomalla Girault 
Epichrysomalla Girault, Mem. Queensland Mus., vol. 3, p. 309, 1915. 
The only described species of this genus, E. atricorpus Girault, is 
said to have emerged from a cluster of capsulelike galls in a ripe fig 
collected at Gordonvale, Queensland, Australia. 


7. Genus Cecidoxenus Ashmead 
(Figs. 3 and 3a) 
Cecidoxenus Ashmead, Mem. Carnegia Mus., vol. 1, p. 274, 1904. 
Parachrysomalla Girault, Mem. Queensland Mus., vol. 3, p. 309, 1915. New 
synonymy. 

The genotype, C. nigrocyaneus Ashm., was described only in Ash- 
mead’s key to genera of Tridymini. Ashmead’s type specimens were 
redescribed by Girault under the name Parachrysomalla secunda (Insec- 
utor Inscitiae Menstruus, vol. 5, p. 154, 1917). The genotype of 
Parachrysomalla is P. aerifemur Girault. No representatives of this 
species have been available for examination. However, the generic 
description of Parachrysomalla offers no tangible characters to separate 
that genus from Cecidoxenus, and since Girault, as already indicated, 
placed the genotype of Cecidoxenus in Parachrysomalla it is evident 
that Parachrysomalla is a synonym. 

The species aereifemur is apparently different from nigrocyaneus. 
Both species are Australian and nothing seems to be known about their 
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biologies except that the types of C. nigrocyaneus in the United States 
National Museum are labeled, ‘‘Turpentine galls, Flemington.” Flem- 
ington is in New South Wales. 


8. Genus Eufroggattiana, new name (Gahan) 
(Figs. 4 and 4a) 
Froggattia Ashmead (not Horvath, 1902), Mem. Carnegie Mus., vol. 1, p. 238, 1904. 
Eufroggattia Ashmead (not Goding, 1903), Proc. Ent. Soc. Washington, vol. 6, p. 

126, 1904. 

Two species have been described in this genus. Froggattia polita 
(Ashm.), the genotype, was described from one specimen collected at 
Sydney, New South Wales. The other species is Eufroggatia okinavensis 
Ishii (Kontyu, vol. 8, p. 94, 1934) collected from fruits of Ficus retusa L 
at Naha, Okinawa, Japan. 

This genus was placed by Ashmead in the subfamily Idarninae, a 
group with which it seems to have little affinity. It will not run satis- 
factorily to Idarninae in Ashmead’s keys, since the hind tibia has two 
distinct spurs, the mesepisternum is not incised, and the ovipositor does 
not project beyond the apex of abdomen. 

The antenna of E. polita is 12-segmented (10-segmented if the club 
is considered to be solid) with the scape subcylindrical, the pedicel half 
as long as the scape and about twice as long as thick, the single ring 
segment transverse, the six funicular segments each broader than long 
and increasing slightly in breadth from first to last, the club very indis- 
tinctly 3-segmented and a little longer than the two preceding segments 
combined. Pronotum much broader than long, as broad as prescutum 
but narrower than mesonotum at tegulae, not narrowing anteriorly, 
strongly declivous dorsally from posterior to anterior margin and with 
a weak transverse carina behind the middle. Mesoscutum with deep 
and weakly foveolate parapsidal grooves, the prescutum with one long 
bristle near each anterolateral angle, another on each side about halfway 
between base and apex and a pair at posterior ends of parapdisal grooves; 
axillae meeting on the median line; scutellum moderately convex, 





EXPLANATION OF FIGURES* 


Fic. 1. Coelocyba nigrocincta Ashmead. Venation of forewing. 
Fic. la. Coelocyba nigrocincta Ashmead. Antenna of female. 
Fic. 2. Terobiella nigriceps (Ashmead). Antenna of female. 
Fic. 3. Cecidoxenus nigrocyaneus Ashmead. Venation of forewing. 
Fic. 3a. Cecidoxenus nigrocyaneus Ashmead. Antenna of female. 
Fic. 4. Eufroggattiana polita (Ashmead). Venation of forewing. 
Fic. 4a. Eufroggattiana polita (Ashmead). Antenna of female. 
Fic. 5. Espinosa nothofagi Gahan. Venation of forewing. 

Fic. 5a. Espinosa nothofagi Gahan. Antenna of female. 

Fic. 6. Pertlampella scindapsi Ferriére. Venation of forewing. 
Fic. 6a. Perilampella scindapsi Ferriére. Antenna of female. 
Fic. 7. Pembertonia ficicola Gahan. Venation of forewing. 

Fic. 7a. Pembertonia ficicola Gahan. Antenna of female. 

Fic. 8. Lisseurytoma bicolor Gahan. Antenna of female. 


*Figures 1 to 5a, 7 to 8 and 11 to 14 were drawn by Arthur D. Cushman, 
scientific illustrator for the Division of Insect Identification, United States Bureau 
of Entomology and Plant Quarantine. All other figures were furnished by Ch. 
Ferriére, junior author. 
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without a cross furrow, and with one long bristle on each side midway 
between base and apex and a pair at extreme apex. Propodeum with a 
broad foveolated depression along its anterior margin and a narrow 
extension of this down the middle, the lateral folds weak and obscure, 
the spiracular grooves broad and foveolated, the spiracles ellipsoidal 
and moderately large. Front wing weakly ciliated; stigmal vein a little 
more than half as long as the marginal and with a rather slender knob; 
postmarginal vein very short, practically effaced. Abdomen very 
shortly petiolate, subcompressed from the sides, about as long as head 
and thorax combined, the ovipositor not exserted. 

With the exceptions of some very faint reticulation on the mesoscu- 
tum, pleura and apical segments of the abdomen and the foveolated 
areas on the propodeum the whole integument is practically smooth 
and shining. The color is reddish yellow with the propodeum and 
abdomen dark brownish and the antennal flagellum dark brown. The 
wings are hyaline. 

E. polita may be distinguished from okinavensis Ishii by antennal 
characters, by the fact that the scutellum has only two instead of four 
pairs of bristles and by the hyaline wings. 


9. Genus Mayrellus Crawford 
Mayrellus Crawford, Proc. U. S. Natl. Mus., vol. 39, p. 237, figs. 3, 4, 1910. 

Mayrellus mirabilis Crawford, the genotype, is represented in the 
United States National Museum collection by 13 specimens, represent- 
ing both sexes, reared from a gall on an unidentified plant collected at 
Ceara, Brazil. It is believed to have been the gall maker. 

The genus and species are well characterized in the original descrip- 
tion except that the unusual conformation of the prepectus is not men- 
tioned. This sclerite is rather small, very closely united to the 
mesepimeron but separated from it by a fine shallow groove, and swollen 
at its dorsal margin to form a prominent tubercle just in front of the 
tegula. Also the antennal club is 3-segmented, the segments plainly 
indicated by shallow grooves, not completely fused as was indicated in 
the original figure. 


10. Genus Espinosa, new (Gahan) 


In having 13-segmented antennae and only one spur on the hind 
tibia this genus agrees with Perilampomyia Girault but in venation and 
sculpture it is quite different. The presence of very distinct though more 
or less obsolescent basal veins in both the front and hind wings dis- 
tinguishes it from all other genera here treated and from nearly all other 
genera of Chalcidoidea as well. Quite similar obsolescent basal veins 
are found in Aiolomorphus Walker, but here they are less distinct and 
the two genera are radically different in the shape of the body, in sculp- 
ture, in details of venation, and several other respects. 

Female.—Head, viewed from in front, somewhat broader than high; 
clypeus subquadrate, projecting beyond margin of head and squarely 
truncate at apex, clypeal foveae large and deep; scrobes short; eyes occu- 
pying about two-thirds of height of head. Head viewed from above 
about twice as broad as long; frons broad; ocelli in a low broad triangle, 
each lateral one about twice its own diameters from the eye margin; 
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occiput not margined, not concave, sloping somewhat from the vertex. 
Antenna 13-segmented, the flagellum filiform, without a distinctly 
differentiated club; scape short, two and a half to three times as long as 
broad, slightly compressed; pedicel about half as long as scape and 
one and a half times as long as broad; two subequal and distinct ring 
segments; nine following segments all equally well separated, the apical 
segment pointed ovate and one and one-half times as long as 
penultimate. 

Pronotum very short, much below level of mesonotum and mostly 
concealed beneath it; mesoscutum a little broader than long, mod- 
erately convex, with deeply impressed and complete parapsidal grooves 
which are widely separated at posterior margin of mesoscutum; axillae 
large and nearly meeting on the median line; scutellum convex, dis- 
tinctly longer than broad, immargined except at apex, projecting slightly 
over metathorax, and with a transverse depression or groove (often 
poorly defined) a little before apex; prepectus moderately large; femoral 
furrow deeply impressed. Propodeum rather short, convex medially, 
with a median longitudinal carina, weak lateral folds and deep spiracular 
furrows, the spiracles circular and close to anterior margin of propodeum. 
Hind tibia with only one spur. Forewings extending much beyond apex 
of abdomen, a little more than two and one-half times as long as broad; 
basal vein obsolescent but very distinct, strongly curved, median vein 
also represented by a fuscous line; stigmal vein long, sharply elbowed 
near the middle, its apical abscissa slightly thicker than the basal 
abscissa and forming nearly a right angle with it, without a knob; mar- 
ginal vein a little less than twice as long as stigmal, not thickened; 
postmarginal vein nearly twice as long as marginal. Abdomen sessile, 
subcompressed, about as long as thorax, the ovipositor not exserted. 

Male.—Antenna distinctly longer than in the female, the scape 
about twice as long as broad, pedicel as long as broad, ring segments a 
little broader than long, flagellar joints cylindrical and three to four 
times as long as thick; abdomen shorter than thorax, sessile, and sub- 
compressed. Otherwise like the female. 

Genotype.— Espinosa nothofagi, new species. Genus named for the 
collector. 


Espinosa nothofagi, new species (Gahan) 
(Figs. 5 and 5a) 


Female.—Length 3.2 mm. Brownish black; legs, including anterior 
and middle coxae, yellowish testaceous, hind coxae brownish black; 
tegulae yellowish; mandibles reddish; antennae uniformly brownish 
black; wings hyaline, the venation, including basal and median veins, 
dark brown; abdomen usually more or less castaneous at base. Ring 
segments of antenna each a little longer than broad; 5th and 6th antennal 
segments subequal and approximately two and one-half times as long 
as thick; 7th to 10th segments subequal and each about twice as long 
as thick; 11th and 12th segments shorter but each longer than thick; 
13th segment not broader than penultimate and about twice as long as 
thick. Eyes bare; malar space equal to about one-third eye height. 
Forewing with sparse discal cilia in basal and median cells, rather 
densely ciliated basad of basal vein, and with a short marginal fringe. 
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Integument of head and thorax nearly smooth but with faint reticu- 
lation, the clypeal region more or less rugulose and reticulation of axillae 
more distinct than on mesoscutum and scutellum. 

Male.—Length 3 mm. Ring segments of antenna a little broader 
than long; 5th antennal segment nearly four times as long as thick, 
following segments to the 12th successively diminishing slightly in 
length; 12th segment a little less than three times as long as thick, and 
13th somewhat longer and a little thicker than preceding. 

Type locality —Santiago, Chile. 

Type.—United States National Museum No. 58131. 

Female holotype and three female paratypes received from Carlos 
E. Porter and said to have been reared October 24, 1928, from galls on 
“Chilean oak” ( Nothofagus sp.), by Professor M. R. Espinosa, after 
whom I have named the genus. The male allotype and six female 
paratypes were reared from galls on WNothofagus obliqua at Angol, 
Chile, November 9, 1926, by D. S. Bullock. 


11. Genus Perilampella Girault 
Perilampella Girault, Mem. Queensland Mus., vol. 3, p. 308, 1915. 

The biology of the genotype species, P. flammeithorax Gir., from 
New South Wales, Australia, is unknown. Two other species, P. 
signiventris and P. punctata, have been described by Girault (A New 
Habit in an Old Insect, Homo Pudicus and New Eurytomidae, p. 2, 
1931) from New South Wales without indication of their host relations. 
A fourth species, P. raphidophorae Ferriére (Ann. Soc. Ent. de France, 
vol. 98, p. 154, 1929), was reared from a gall on Raphidophora montana 
in Java, and a fifth species, description of which follows, makes galls on 
Scindapsus in Sumatra. 


Perilampella scindapsi, new species (Ferriére) 
(Figs. 6 and 6a) 

Body black, shining, with greenish reflections on face, frons and 
cheeks. Antennae of female dark brown with scape and pedicel yellow, 
and the first joint of the flagellum light brown. Antennae of male 
entirely yellow. Legs black, knees, front and middle tibiae and all 
tarsi yellow. The male has also the femora yellow, except the hind 
femora at base. Wings yellowish with a dark cross band below the 
end of the submarginal vein. 

Female.—Head transverse; ocelli in a low triangle, the lateral ocelli 
farther from the eyes than from the front ocellus; this front ocellus 
situated in the top of the scrobal cavity. Frons and face smooth, with 
few scattered punctures. Antennae inserted above the middle of the 
face, about level with the middle of the eyes, with 13 joints; scape narrow, 
reaching the front ocellus; pedicel about twice as long as broad; first 
joint of the flagellum (annellus) narrower and a little shorter than the 
pedicel, broadening towards tip; following joints as broad as the pedicel 
but shorter, the last joints transverse. Pronotum short, with scattered 
punctation and ciliation. Mesonotum smooth, parapsidal furrows 
strong, slightly punctate. Scutellum strongly convex, smooth in the 
middle, punctate on the sides, separated from the mesonotum by a 
deep furrow; axillae small, on the sides of the scutellum. Propodeum 
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short, almost vertical, reticulated. Wings large; submarginal vein 
somewhat thickened and black at tip; marginal vein discolored, short 
but about thrice as long as the postmarginal vein; stigmal vein brown, 
about as long as two-thirds of the marginal. Legs strong, hind tibiae 
with two spurs, tarsi short. Abdomen as long as head and thorax 
together, slightly compressed from the sides; first segments smooth, 
the last large and rugulose above, except along the middle. Ovipositor 
not protruding, curved inside the abdomen. 

Male.—Similar, smaller, with the abdomen depressed and scarcely 
longer than the thorax. 

Length, female 2.9-3.2 mm., male 2 mm. 

Sumatra, Fort de Kock, 920 m., 4 females, 1 male, 1924 (E. Jacobson). 

Produces galls on the leaf petioles of Scindapsus roseus v. A. v. R. 
(Aracae). 

Type—British Museum (Natural History). 

This species may be distinguished from Perilampella raphidophorae 
Ferr. by the greenish face and frons, the more smooth and shining 
thorax, the black and compressed abdomen, with the last joint narrower 
and more rugulose, and by the marginal vein which is longer in relation 
with the stigmal vein. The ovipositor, although entirely hidden, is 
remarkable by its length, being rolled up three times inside the abdomen 
which it fills almost entirely. 


12. Genus Pembertonia, new (Gahan) 


This genus agrees with Eufroggattiana in many respects and is 
undoubtedly closely related to it, but differs by having 13-segmented 
antennae and a differently shaped and nonpetiolate abdomen. The 
very short postmarginal vein will distinguish it from all other genera 
treated here. 

Female.—Head viewed from in front broader than high; clypeus 
about as broad as long, projecting somewhat beyond margin of head, 
and weakly bilobate at apex; clypeal fovea shallow; scrobes moderately 
impressed, extending to front ocellus, immargined; eyes occupying 
about two-thirds of height of head, malar furrow incomplete. Head 
viewed from above a little more than twice as broad as long; frons broad; 
ocelli in a low triangle, each lateral one about twice its own diameter 
from eye margin; occiput not concave, weakly carinately margined far 
below vertex. Antenna 13-segmented; scape subcylindrical, about 
four and one-half times as long as thick; pedicel a little less than twice 
as long as thick; one ring segment, nearly as broad as long; funicle 
7-segmented, the segments subequal, a little broader than pedicel and 
each about twice as broad as long; club ovate, nearly as long as three 
preceding segments combined, 3-segmented, the separating furrows 
distinct but: shallow. 

Prothorax transverse, not narrowed anteriorly, rounded at anterior 
angles, lower than mesocsutum but not covered by it, strongly declivous 
from posterior to anterior margin, with a weak and incomplete trans- 
verse carina a little behind the middle and with numerous long slender 
hairs scattered over most of its surface. Mesoscutum broader than 
long; parapsidal grooves deep, complete, and widely separated at 
posterior ends; prescutum mostly bare but with an irregular row of hairs 
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along each lateral margin; parapsides with numerous hairs near the 
tegulae and two or three along each parapsidal groove; axillae large, 
touching on the median line, separated from scutellum by deep foveo- 
lated grooves and with three or four long hairs; scutellum moderately 
convex, margined at apex, not projecting over metathorax, without a 
cross furrow and without paired bristles but with about 12 long hairs 
low down on each side. Propodeum about half as long as scutellum, 
more or less rugulose, depressed medially on each side of a median 
longitudinal carina, the depressions continuous with a foveolated 
depression along anterior margin; lateral folds and spiracular furrows 
present; spiracle elliptical and about its own diameter from anterior 
margin. Prepectus triangular, not large; femoral furrow broad, not 
deeply impressed. Hind tibia with two distinct spurs; anterior tibial 
spur originating about its own length before apex of tibia and bifid at 
apex. 

Forewing extending beyond apex of abdomen, length to breadth as 
40 :15; submarginal vein about five times as long as marginal, this 
latter slender; stigmal vein approximately three-fourths as long as mar- 
ginal and forming very nearly a right angle with it, boot-shaped, its 
apex bent at practically a right angle to the straight basal abscissa and 
slightly thicker than the remainder of vein; postmarginal vein repre- 
sented by a very short stub; basal and median veins entirely absent. 

Abdomen about as long as thorax, ovate, sessile, not compressed, the 
basal segment incised at apex. Ovipositor not exserted. 

Male.—Unknown. 

Genotype.— Pembertonia ficicola, new species. Genus named for the 
collector. 


Pembertonia ficicola, new species (Gahan) 
(Figs. 7 and 7a) 


Female.—Length 3.5 mm. Head castaneous above and behind, the 
face and cheeks reddish yellow; mandibles and narrow anterior margin 
of clypeus dark reddish; antennal scape yellow, flagellum brownish 
black; prothorax anteriorly concolorous with back of head, posteriorly 
with a broad marginal band of yellow and more or less yellowish on the 
sides; mesothorax, metathorax and propodeum black; coxae, femora, 
and tibiae reddish black, the front tibiae shading to yellowish; all tarsi 
reddish yellow; wings mostly hyaline but with a small brownish infusca- 
tion against the curved apical portion of submarginal vein and another 
similar spot midway between this and the posterior margin of wing. 
Abdomen mostly black, but diluted with yellowish ventrally and at 
extreme base above. 

Head more ‘distinctly sculptured than dorsum of thorax; vertex 
finely transversely ruguloso-striate; frons with fine longitudinal striae 
originating at anterior ocellus and running downward on each side of 
scrobe; scrobal cavity weakly reticulated; face with weak rugulae con- 
verging toward clypeus, a slight median ridge and the clypeus nearly 
smooth; cheeks polished; temples weakly rugulose. Eyes bare; lateral 
ocelli twice their own diameters from eye margins. Pronotum smooth 
dorsally, finely ruguloso-striate anteriorly and laterally; mesoscutum, 
axillae, and scutellum shining, with some very faint, suberased lineola- 
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tion; propodeum rugosely sculptured, with a carinately bounded, sub- 
quadrate or rounded area on each side of middle more weakly sculp- 
tured; pleura rather strongly ruguloso-striate. Front wing bare at base, 
sparsely and weakly ciliated on the disk; fringe absent except on the 
posterior margin where it is very short. 

Type locality —Sydney, Australia. 

Type.—United States National Museum No. 58132. 

Described from two females (1 holotype) labeled as having been 
reared from Ficus macrophylla in January, 1921, by C. E. Pemberton. 


13. Genus Lisseurytoma Cameron 
Lisseurytoma Cameron, Proc. Linn. Soc. N. S. Wales, vol. 37, p. 202, 1912. 
Cratodecatoma Cameron, Proc. Linn. Soc. N. S. Wales, vol. 37, p. 205, 1912. New 
synonymy. 

Cameron first described the genus Lisseurytoma, which he placed 
near Eurytoma; he knew only the male and remarked that the pronotum 
is not developed as much as in Eurytoma and is narrowed in front; he 
says also that the hind tibiae have only one spur, when in reality they 
have two, the second being small but nevertheless visible. Three pages 
farther, he describes the genus Cratodecatoma, in the tribe Decatomini, 
from the female. He recognizes that this new genus differs in many 
points from Decatoma, adding that when the male has been found, it 
may have to be placed somewhere else. It is curious that he did not 
recognize that the male, bred from the same galls on Casuarina sp., at 
the same time, had been described by him in another genus. 

We give a redescription of Cameron’s types, which are in the British 
Museum. 

Lisseurytoma bicolor, new species (Gahan) 
(Fig. 8) 

Agreeing very closely with the accompanying description of vio- 
laceitincta, except that the head and thorax are uniformly pale orange 
yellow, the scutellum not at all blackish, the antennae appear to be 
more strongly clavate, and the base of abdomen is perfectly smooth. 

Female.—Length 4.75 mm. Head and thorax uniformly pale orange 
yellow; metanotum, propodeum, and abdomen blackish brown, this 
color more or less diluted with yellowish at base of abdomen; legs black- 
ish brown, a little less dark than propodeum, their tarsi yellow; antennal 
scape and pedicel yellow, flagellum brownish black. Anterior wing with 
a large fuscous cloud extending from base of marginal vein to a point 
well beyond apex of stigmal vein, the distal margin of this cloud broadly 
convex, its proximal margin nearly straight. 

Head finely and densely sculptured. Antennal scape just reaching 
lower margin of anterior ocellus; pedicel about one a nd a half times as 
long as broad; ring segment a little broader than long; flagellum rather 
strongly clavate, gradually increasing in thickness from pedicel to club; 
first, second, and third funicular segments subequal and each about as 
long as pedicel; following segments decreasing in length, the seventh 
about twice as broad as long; club fully twice the width of pedicel and 
slightly longer than two preceding segments combined, with two dis- 
tinct cross furrows. Thorax finely ruguloso-punctate, the rugulae on 
dorsum showing a slight tendency toward transverseness; propodeum 
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with distinct lateral folds and a median carina, the surface between the 
folds rugulose, laterad of folds practically smooth. Abdomen with a 
rather thick petiole which is about as long as broad and weakly sculp- 
tured; first segment of gaster deeply incised at apical middle, smooth; 
following tergites faintly shagreened. Other characters agreeing with 
the description of violaceitincta. 

Male.—Length 2.8 mm. Head, thorax, and abdomen black; legs 
and antennae brownish black, tarsi yellow; wings perfectly hyaline, 
venation yellowish. Antennal pedicel scarcely longer than broad; 
flagellum not thicker at apex than at base, the segments subequal and 
subquadrate. Sculpture of head and thorax similar to that of female 
but slightly coarser. Abdomen much shorter than thorax, smooth. 

Type locality—Gosford, New South Wales, Australia. 

Type.—United States National Museum No. 58137. 

Described from five females and four males. The holotype female 
is labeled ‘Casuarina galls, Gosford, N.S. W., W. W. F., 1913.” Four 
other females and all of the males are labeled ‘Casuarina galls, Sydney, 
N. S. Wales, (Froggatt), 1913,” with an illegible word that may be 
“Gosford”’ written in the corner of each label. 

It is quite possible that this may prove to be merely a color form of 
violaceitincta, the types of which appear to have been obtained from the 
same host plant and locality. 


Lisseurytoma violaceitincta Cameron 
(Figs. 9 and 9a) 
Lisseurytoma violaceitincta Cameron, Proc. Linn. Soc. N. S. Wales, vol. 37, p. 202, 
1912 


Cratodecatoma ruficeps Cameron, Proc. Linn. Soc. N. S. Wales, vol. 37, p. 206, 1912. 

New synonymy. 

Female.—Head orange yellow, the face darker; stemmaticum and 
occiput brownish. Pronotum brown in front, orange yellow behind; 
axillae reddish yellow; scutellum, except slightly in front, postscutellum 
and propodeum black. Andomen orange yellow anteriorly, more 
brownish towards tip. Antenna brown with scape, pedicel, annellus 
and the first two or three funicle joints yellowish. Legs brownish black, 
tarsi yellow. Wings hyaline, with a broad infuscation in the middle, 
below the marginal and postmarginal veins. 

Head shagreened, dull, rounded in front, narrowed behind the eyes. 
Antennae inserted near the middle of the face; scape narrow, not reach- 
ing the front ocellus; pedicel one and a half times longer than broad; 
one short, transverse annellus; funicle with seven joints, the first two 
about as long as the pedicel, the others gradually shorter, the last two 
broader than long; club with three joints, slightly shorter than three 
preceding joints together. Thorax shagreened and slightly trans- 
versely striolate, dull. Pronotum narrower in front; mesonotum with 
strong parapsidal furrows; axillae large, almost meeting in the middle; 
scutellum strongly convex, separated from the axillae by deep furrows, 
more distinctly striolate near tip than at base; propodeum rather large 
with one median carina and two or three weak longitudinal carinae at 
sides; lateral furrows well marked; spiracles small, rounded. Marginal 
vein twice as long as the postmarginal; stigmal vein a little longer than 
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the postmarginal; discal ciliation short, the basal half almost without 
cilia. Hind legs strong, hind tibia with two spurs, the largest about 
twice as long as the other. Abdomen more finely shagreened at base 
than at tip, sessile, about as long as the thorax. Ovipositor not 
protruding. 

Male.—Quite similar to the female in the form and structure of the 
body. But the body, antennae, and legs are entirely black with only 
the tarsi yellowish. Wings hyaline, scarcely infumate in middle. 
Antennae with pedicel more rounded, the funicle joints narrower. 
Mesonotum slightly more distinctly transversely striate. Abdomen 
smooth, shorter than the thorax. 

Length, female 4.5 mm., male 3.5 mm. 

Australia, New South Wales, Gosford, 1 female, 2 males, 7—XI-1910. 

Bred from galls on Sheoak (Casuarina sp.). 


Lisseurytoma decorata, new species (Ferriére) 
(Figs. 10 and 10a) 


Female.—Body entirely black. Antennae black. Legs brown, the 
knees and tip of tibiae lighter, the tarsi yellowish. Wings with three 
transversal brown stripes, the first below the end of the submarginal 
vein, curved, the second in the middle, below the stigmal vein, thicker, 
and the third along the tip of the wing from a little beyond the end of 
the postmarginal vein. 

Head transverse, narrowed behind the eyes; ocelli in a low triangle, 
the laterals closer to the eye margins than to the front ocellus. Vertex 
and frons finely shagreened; frontal furrow shallow. Antennae inserted 
a little above the lowest level of the eyes, with 13 joints; scape narrow, 
reaching the level of the front ocellus; pedicel pyriform, about one and 
a half times longer than broad; annellus narrower than pedicel, a little 
broader than long; funicle with seven joints, broadening gradually 
towards tip, the first three joints longer than broad, the second about as 
long as the pedicel, the fourth subquadrate, the last three transverse, 
the seventh more than twice as broad as long; club with three joints, 
short, scarcely longer than the three preceding joints together. Pro- 
notum large, narrowed in front; mesonotum slightly longer than broad, 
finely transversely striate; parapsidal furrows deep; axillae meeting in 
the middle, with the furrows deep and crenulated; scutellum almost as 
long as the mesonotum, finely shagreened, more distinctly striate near 
tip; propodeum large, as long as the scutellum, smooth, with a few 
irregular striae near base and white cilia on the sides; spiracles rounded, 
very small. Wings with the marginal vein half as long as the sub- 
marginal; stigmal vein about as long as six-tenths of the marginal, the 
knob with two projections; postmarginal vein as long as eight-tenths of 
the marginal. Hind tibiae with two spurs, one much smaller than the 
other. Abdomen slightly narrower and shorter than the thorax, finely 
shagreened, almost smooth, the fifth joint the largest. Ovipositor not 
protruding. 

Length 4.5-5 mm. 

Australia, New South Wales, Euston, 2 females, 20—-X-—1920 (W. W. 
Froggatt). 

Type.—British Museum (Natural History). 
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From galls on Casuarina luehmanni. With these insects is a small 
twig with seven galls of various sizes; they are bud galls, oval, more or 
less elongate, covered with curved bracteae; inside is a single elongate 
cell, in one of which was still a dried female with the pupal skin behind. 

This species differs from L. violaceitincta Cam. by its entirely black 
body, the three black stripes on the wings, the longer postmarginal 
vein, and the absence of a median carina on the propodeum. 


14. Genus Asparagobius Mayr 
Asparagobius Mayr, Verhandl. Zool.-Bot. Gesell. Wien, vol. 55, p. 549, 1905. 


A. braunsi Mayr, the only species known, has been well described 
and figured. It is found in South Africa, where it forms galls on Aspar- 
agus striatus. According to Mayr, “‘the galls are formed on the buds of 
young twigs and are much similar to those of Biorrhiza pallida Ol. 
(terminalis F.) by their size and form. They are rounded, reaching a 
diameter of 48 mm., often a little flattened below . . . of brownish- 
green coloration, becoming brown-yellow with time.’’ Inside, their 
structure is stronger than the galls of Biorrhiza and they have 
several cells. 

A series of five females is in the British Museum, labeled ‘‘South 
Africa, Port Elizabeth, August, 1914, (J. L. Drage), ex galls on Aspar- 
agus.”” In the United States National Museum are three female para- 
types labeled ‘“‘Asp. braunsi G. Mayr, Type, Port Elizabeth,” and one 
male from the Albany Museum labeled ‘“‘Galls on Asparagus, Port 
Elizabeth, Sept., 1914, (J. L. Drege).” 


15. Genus Brachyscelidiphaga Ashmead 
(Fig. 11) 
Brachyscelidiphaga Ashmead, Proc. Linn. Soc. N. S. Wales, vol. 25, p, 343, 1900. 


The genotype species, B. flava Ashm., is represented in tHe United 
States National Museum by a series of about 30 specimens including the 
types. These are said to have been reared at Sydney, New South Wales, 
from Apiomorpha pileata (Schrad.), a coccid which makes galls on 
Eucalyptus. Two additional species, both from Australia, have been 


EXPLANATION OF FIGURES 


Fic. 9. Lisseurytoma violaceitincta Cameron. Venation of forewing. 

Fic. 9a. Lisseurytoma violaceitincta Cameron. Antenna of female. 

Fic. 10. Lisseurytoma decorata Ferriére. Forewing of female. 

Fic. 10a. Lisseurytoma decorata Ferriére. Antenna of female. 

Fic. 11. Brachyscelidiphaga flava Ashmead. Antenna of female. 

Fic. 12. Perilampomyia notatifrons Girault. Antenna of female. 

Fic. 13. Systolomorpha thyridopterygis Ashmead. Antenna of female. 

Fic. 13a. Systolomorpha thyridopterygis Ashmead. Posterior femur of female. 
Fic. 14. Trichilogaster pendulae Mayr. Venation of forewing. 

Fic. 15. Trichilogaster trilineata (Cameron). Venation of forewing. 

Fic. 16. Trichilogaster arabicus Ferriére. Venation of forewing. 

Fic. 17. Trichilogaster esculentus Ferriére. Venation of forewing. 

Fic. 18. Trichilogasteriodes acaciae-discoloris (Froggatt). Venation of forewing. 
Fic. 18a. Trichilogastroides acaciae-discoloris (Froggatt). Antenna of female. 
Fic. 19. Decatomothorax flava Ashmead. Venation of forewing. 

Fic. 19a. Decatomothorax flava Ashmead. Antenna of female. 
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proposed in the genus by Girault (A New Habit in an Old Insect, Homo 
Pudicus and New Eurytomidae, p. 2, 1931), viz., B. aeschyli and B. 
masaccioni. The last-named species is also said to have emerged from 
A piomor pha (= Brachyscelis) on Eucalyptus. 

Ashmead’s description of the genotype is substantially correct 
except that the integument of head and dorsum of thorax is not smooth 
but distinctly finely reticulate-punctate. The head viewed from in 
front is wider than high; antennae inserted near middle of head; scape 
short, about twice as long as pedicel, subcompressed; scrobes not reach- 
ing anterior ocellus; clypeus not defined, the tentorial pits absent, 
anterior margin of clypeus incised; malar groove absent; ocelli in a low 
triangle; frons broad. Prothorax very short; parapsidal grooves 
sharply impressed, complete; axillae almost meeting; scutellum mod- 
erately convex, longer than broad, entirely immargined, slightly over- 
hanging metanotum; propodeum short, with a delicate median longi- 
tudinal carina and a moderately deep longitudinal depression on each 
side between median line and spiracle; spiracle circular. Marginal and 
postmarginal veins subequal; stigmal vein about three-fourths as long 
as marginal, its knob rounded and moderately large. Legs normal; hind 
tibia apparently with only one spur. Abdomen sessile, not much longer 
than broad; ovipositor not exserted. 


16. Genus Perilampomyia Girault 
(Fig. 12) 
Perilampomyia Girault, Mem. Queensland Mus., vol. 5, p. 225, 1916. 


Types of P. notatifrons Gir., the genotype species, are in the United 
States National Museum and were collected by G. Compere at Swan 
River, West Australia. A second species, P. aeschyli, has been described 
by Girault (A New Habit in an Old Insect, Homo Pudicus and New 
Eutytomidae, p. 2, 1931) from Jandowae, Australia. Nothing is known 
of the biology of either species. 

Girault’s description of the genotype is slightly inaccurate, since the 
scutellum does not overhang the propodeum and the stigmal vein is 
not longer than the postmarginal but about equal to it. The antennae 
are inserted at middle of head, 13-segmented; scape slender, reaching 
level of vertex; two ring segments distinct; funicle 6-segmented, its first 
segment a little longer than broad and the sixth subquadrate; club 
3-segmented. Head broader than high; eyes bare. Prothorax very 
short, rounded above and at sides; mesoscutum broader than long; 
parapsidal grooves moderately deep; scutellum longer than broad, 
margined only at apex; axillae not broadly separated; femoral furrow 
straight, narrow, and sharply impressed; stigmal knob moderately large 
and subrectangular; hind tibiae with only one spur. Abdomen rather 
robust, about as long as thorax and fully twice as long as broad; ovi- 
positor not exserted. 


17. Genus Systolomorpha Ashmead 
(Figs. 13 and 13a) 
Systolomorpha Ashmead, Proc. Linn. Soc. N. S. Wales, vol. 25, p. 339, 1900. 


S. thyridopterygis Ashm., the genotype, was placed by Ashmead in 
the subfamily Chalcodectinae of Cleonymidae and was considered to be 
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a parasite of a lepidopteron, Thyridopteryx sp., on Eucalyptus. Girault 
(Records, South Australian Museum, vol. 3, p. 318, 1927) placed the 
genus in Perilampidae and said that he had obtained many specimens of 
the genotype species from galls on Casuarina quadrivalvis and that they 
have no relation with Thyridopteryx. In 1929 (Trans. Roy. Soc. So. 
Austral., vol. 53, p. 316) he seems to consider this species not a gall 
maker, but a parasite of the gall-making coccid, Cylindrococcus cas- 
uarinae. A second species, Systolomorpha nassaui Girault (Some 
Gem-like or Marvelous Inhabitants of the Woodland Heretofore 
Unknown and by Most Never Seen nor Dreamt of, Sydney, Australia, 
p. 3, 1925), is said to have come from a gall on Casuarina collected in 
Queensland, and a third species is described beyond. 

The genus is characterized by having rather short, clavate, 13-seg- 
mented antennae inserted near middle of face; scape rather thick, 
subcompressed; pedicel a little less than half as long as scape; eight 
segments between pedicel and club, all distinctly broader than long, the 
first and second distinctly narrower than the others; club 3-segmented, 
a little thicker than funicle and about as long as three preceding seg- 
ments combined; scrobes not deep and not reaching to anterior ocellus; 
eyes bare; ocelli in a low triangle; frons broad. Prothorax short; 
parapsidal grooves complete; axillae narrowly separated; scutellum 
convex, longer than broad, without a cross furrow and immargined 
except very weakly at apex; propodeum nearly smooth, without carinae 
but with a deep groove midway between spiracle and middle. Marginal 
and postmarginal veins subequal, not thickened; stigmal vein approxi- 
mately three-fourths as long as marginal, thickened at apex but not 
forming a round knob. Anterior and posterior femora somewhat 
thickened, the latter with a broad, blunt, toothlike projection on its 
lower margin a little beyond the middle; hind tibia with two spurs. 
Abdomen sessile, compressed from the sides, about as long as the 
thorax, nearly circular in side view; ovipositor not exserted. 

Male similar to the female except that the abdomen, as viewed from 
the side, is more than twice as long as thick. 

Types of the genotype species are in the United States National 
Museum. 

KEY TO SPECIES OF SYSTOLOMORPHA 


1. Forewing with a distinct fuscous cloud; anterior legs, except coxae, clear yellow, 2 
Forewing without a distinct cloud; anterior and middle femora blackish 
basally, posterior pair entirely black............. thryidopterygis Ashmead 
2. Posterior femur black except very narrowly along its ventral margin between 
the tooth and apex; middle femur blackish basally, noblei, new species (Gahan) 
Posterior femur black only on basal half; middle femur entirely yellow, 
nassaui Girault 


Systolomorpha noblei, new species (Gahan) 


Female—Length 2.5 mm. Black; antennal scape, pedicel and 
flagellum brownish black, the latter paler toward apex; coxae all black; 
all trochanters yellow; front femora and tibiae, middle femora apically, 
and middle and posterior tibiae pale yellow; middle femora basally and 
posterior femora entirely, except for a narrow yellow border on lower 
apical margin extending from the tooth to apex, black; all tarsi pale 
yellow at base, more or less fuscous beyond the first segment. Forewing 
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hyaline at base, fuscous on the disk from apical one-fourth of submar- 
ginal vein to apex of stigmal vein, the infuscation weaker adjacent to 
marginal vein and fading to subhyaline beyond apex of stigma; venation 
dark brown; posterior wing hyaline; mesopleuron with a narrow yellow 
line extending from below tegula to base of middle coxa. Abdomen 
mostly black but with base above more or less yellowish brown. 

Head rather uniformly finely and densely reticulate-punctate; 
thorax similarly sculptured, the reticulation of median lobe of meso- 
scutum coarser than elsewhere; propodeum weakly lineated; abdomen 
weakly reticulated. 

Male.—Like the female in all respects except in the shape of abdomen. 

Type locality.—Gilgandra, New South Wales, Australia. 

Type.—United States National Museum No. 58133. 

Described from four females (1 holotype) and four males received 
from N. S. Noble and said to have been reared in August, 1935, from 
large spherical galls on Casuarina luehmanni, The species is named for 
the collector. 


18. Genus Hemadas Crawford 


Hemadas Crawford, Can. Ent., vol. 41, p. 98, 1909. 
Parhabritys Girault, Descriptiones Hymenopterorum Chalcidoidicarum Variorum 

cum Observationibus, vol. 5, p. 2, 1917. 

This genus has as its genotype Megorismus nubilipennis Ashmead 
(Trans. American Ent. Soc., vol. 14, p. 192, 1887), which causes hard 
woody galls on the stems of Vaccinium in the eastern part of North 
America from Florida to Canada. A comprehensive account of the 
biology of this species, the only one thus far recorded in the genus, is 
given by McAlister and Anderson in the Journal of Economic Ento- 
mology (vol. 25, p. 1164, 1932). Parhabritys Girault has the same 
species as genotype. 

Characters not given in the original description nor in the foregoing 
generic key are: Head viewed anteriorly, distinctly broader than high; 
antennae inserted a little above lower extremities of eyes; clypeus not 
emarginate; malar groove absent except for a short distance below eye; 
frons broad; ocelli in a low triangle, ocellocular line fully twice as long as 
greatest diameter of an ocellus. Pronotum short, rounded in front; 
mesonotum with complete but very shallow parapsidal grooves; axillae 
broadly separated; scutellum margined at apex, slightly overhanging 
metanotum; propodeum rather short, uniformly finely punctate and dull, 
without either a median carina or lateral folds but with shallow 
spiracular sulci. Postmarginal and stigmal veins subequal, each approx- 
imately two-thirds as long as marginal; stigmal vein only slightly thick- 
ened at apex, with a prominent stylus. Hind tibia with two spurs. 
Abdomen sessile, ovate, about as long as combined head and thorax, 
flattened dorsally; ovipositor not exserted. 


19. Genus Coelocybella Girault 
Coelocybella Girault, Jour. Ent. and Zool., vol. 5, p. 53, 1913. 


This genus is placed in the key on the basis of the description only. 
The only described species, C. variegata Girault, is said to have been 
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reared from unidentified galls at Brisbane, Australia (Mem. Queensland 
Mus., vol. 3, p. 306, 1915). 


20. Genus Trichilogaster Mayr 


Trichilogaster Mayr, Verhandl. Zool.-Bot. Gesell. Wien, vol. 55, p. 555, 1905. 
Epipertlampus Girault, Can. Ent., vol. 45, p. 224, 1913. 


This genus has been well characterized by Mayr, and several species 
have been described in it, all from Australia. All species, the biologies 
of which are known, form galls on the various species of Acacia. We are 
describing below two new species, one found in Central Australia, the 
other bred from galls on native acacias in the mountains of Southern 
Arabia, at a place where Asiatic, African, and Palearctic faunas meet 
and very far from the Australian region. 

Epiperilampus was declared a synonym of Trichilogaster by Girault 
(Mem. Queensland Mus., vol. 5, p. 222, 1916) who, nevertheless, subse- 
quently described several species under the suppressed generic name. 
Giralut’s species are known to us only through their short descriptions. 


KEY TO FEMALES OF SPECIES SEEN 


1. Head and thorax black, except for some yellow markings on head and 
WON iii. n octane tmndeniads Wanner ceacaunyGuemeteamcacas concuoet 2 
Pees OG WN TES WOO, 05:5 = oo vce de secu ceeCuseeruse neeereeas en 3 
2. Knob of stigmal vein large, its diameter equal to or exceeding length of its 
petiole; head black except for a reddish-yellow triangle with broad base on 
oral margin and its apex at base of antennae............... pendulae Mayr 
Knob of stigmal vein not large, its greatest diameter less than length of its 
petiole; spot in middle of face, frons along eye margins, vertex laterad of 
posterior ocelli, dorsal margin of pronotum, and frequently the lateral 
margins of median lobe of mesoscutum yellow or yellowish, 
maideni (Froggatt) 
3. Mesonotum with three black longitudinal stripes, one down the middle and 
one along inner margin of each parapside; dorsum of thorax smooth and 
INN i: & aca 0 6/4 ore ww A eta ta rr Seat trilineata (Cameron) 
Mesonotum entirely or almost entirely yellow; dorsum of thorax usually 
transversely wrinkled (more or less smooth in arabicus)..............0.44. 
4. Abdomen black, yellow only at base; propodeum black; wings hyaline; funi- 
cular segments subquadrate.............. arabicus, new species (Ferriére) 
Abdomen yellow at base and broadly so at apex; propodeum usually yellow, 
rarely black; wings infuscated below apical end of submarginai vein; 
Gistal sngmmente OF Tesch: AME VGTON. 5 6. 55k sik ccc ccdencecdcucedéeeeegns 
5. Abdomen black below and with a broad transversal black band above; head, 
viewed from in front, broader than high. ..acaciae-longifoliae (Froggatt). . 
Abdomen yellow below, except at tip; black transversal band above narrow; 
head, viewed from in front, as high as broad, esculentus, new species (Ferriére) 


Trichilogaster pendulae Mayr 
(Fig. 14) 
Trichilogaster pendulae Mayr, Verhandl. Zool.-Bot. Gesell. Wien, vol. 55, p. 560, 
1905. 


Mayr has given a description of both sexes of this gall maker together 
with a description and figures of the gall. The galls develop from the 
axillary buds of Acacia pendulae in Australia. 

The United States National Museum possesses a female and a male 
of this species from the Mayr collection labeled ‘““G. Mayr. Type’”’ and 
which undoubtedly are a part of the original type material. 
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Trichilogaster maideni (Froggatt) 


Cynips maideni Froggatt, Proc. Linn. Soc. N. S. Wales, ser. 2, vol. 7, p. 155, 1892. 
Trichilogaster maideni (Froggatt) Mayr, Verhandl. Zool.-Bot. Gesell, Wien, vol. 55, 

p. 558, 1905. 

Originally described from Sydney, New South Wales, Australia, as 
making rough galls on twigs of Acacia longifolia. 

The following specimens have been examined: In the British 
Museum, three females and one male from galls on twigs of A. longi- 
folia, Ourimbah, New South Wales, October, 1925. In the United 
States National Museum, three females identified by Froggatt, from 
galls on Acacia, Botanic Garden, Sydney; one male from the Mayr 
collection, without locality label but identified by Mayr and undoubt- 
edly constituting a part of the material from which he drew his descrip- 
tion; eight females and eight males identified by Noble, causing elongate 
stem galls on A. floribunda and A. implexa, Sydney, November, 1936. 

Mayr has given a good description of the species and also of the gall. 


Trichilogaster trilineata (Cameron), new combination 
(Fig. 15) 
Tepperella trilineata Cameron, Proc. Linn. Soc. N. S. Wales, vol. 37, p. 204, 1912. 
Coelocybelloides mediolineatus Girault, Mem. Queensland Mus., vol. 5, p. 225, 1915. 

New synonymy. 

The type of this species, one female, is in the British Museum. 
Although the head is missing, it is easy to recognize that it belongs to the 
genus Trichilogaster Mayr. It is closely related to T. acaciae-longifoliae, 
from which it differs by the coloration of the thorax. The mesonotum 
has three longitudinal black stripes, one along the middle, the others 
along the parapsidal furrows, all these stripes meeting behind in the 
middle. The scutellum and axillae are entirely yellow; metanotum, 
except in the middle, and propodeum black; the anterior part of the 
pronotum and a spot on hind part of mesopleuron also black; abdomen 
yellow with a broad black cross band in the middle and narrower stripes 
at the end of the three last tergites. Legs yellow, except the middle 
coxae and a spot on the hind trochanters. Marginal and postmarginal 
veins thickened, stigmal vein with a large rounded knob. 

The type is labeled ‘‘ Tepperella trimaculata Cam., type. Tasmania, 
Launceston, Littler.”” This name “‘/‘rimaculata”’ is found also at the end 
of the description, where the species is compared with maculiscutis, but 
the name at the head of the description is trilineata Cam. According to 
Cameron, the species has also been found in Melbourne in galls on 
Acacia decurrens. Morphological and biological studies of the species 
under the name TJepperella trilineata have been published by N. S. 
Noble (Proc. Linn. Soc. N. S. Wales, vol. 63, pp. 389-411, 1938; vol. 
76, pp. 295, 296, 1941). 

The types of Coelocybelloides mediolineatus Girault are in the United 
States National Museum and are not distinguishable in any way from 
T. trilineata as represented by a series of eight females and eight males 
in the same museum, reared by N. S. Noble at Sydney, New South 
Wales, from galls on A. decurrens. 
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Trichilogaster arabicus, new species (Ferriére) 
(Fig. 16) 

Female.—Head and thorax orange yellow; occiput black; thorax 
with some brown spots on the front parts of the pronotum, the meso- 
notum, and the parapsides, on the sides of the axillae, and in the middle 
of the scutellum; postscutellum and propodeum black. Abdomen 
black, yellow at base. Antenna brown, lighter at tip, end of pedicel 
and the first annellus light yellow. Legs yellow, bases of coxae and of 
front and hind femora brownish. Wings hyaline, marginal and post- 
marginal veins mostly yellow. 

Head a little broader than.the thorax; vertex narrow antero- 
posteriorly; ocelli placed in a slight curve, the lateral ocelli at equal 
distance from the front ocellus and from the eyes. From in front, the 
head is rounded, the face broad, shagreened, dull; antennae inserted 
above the middle of the face; scrobal cavity narrow, reaching the front 
ocellus, with a thin carina between the antennae. Scape narrow, 
broadening slightly at tip; pedicel about twice as long as broad; first 
annellus small, quadrate, the second annellus not longer, but broader; 
first funicle joint shorter, but a little broader than the pedicel, slightly 
longer than broad; following joints shortening, the sixth subquadrate; 
club with three joints, almost as long as the three preceding joints 
together. Pronotum very short; mesonotum finely transversely striate; 
parapsidal furrows deep; scutellum finely shagreened, almost smooth; 
axillae distinctly separated; propodeum short, spiracles rather large, 
short oval. Wings large, discal cilia very short and sparse; marginal 
vein distinctly thickened, a little longer than the stigmal vein; stigmal 
vein with a rounded knob, as long as the postmarginal vein. Legs strong, 
with front and hind femora and hind tibiae slightly thickened. Abdo- 
men shorter and narrower than the thorax, compressed from the sides. 
Ovipositor not protruding. 

Length 1.8-2.8 mm. 

Southwestern Arabia, West Aden Prot., Dhala, 4,800 feet, 64 
females, 9-X—1937 (H. Scott and E. B. Britten). 

Bred from galls on pods of thorny Acacia. 

Type.—British Museum (Natural History). 

This is the first species of Trichilogaster found outside Australia, 
and the question arises as to whether it has been imported. But Dr. 
Hugh Scott tells me that these thorny Acacias grow rather high in the 
mountainous regions of South Arabia and are indigenous. 

This Arabian species differs from typical Trichilogaster spp. by the 
scrobal cavities which are longer and reach to the front ocellus, and by 
the axillae, which are distinctly but not broadly separated. 


Trichilogaster acaciae-longifoliae (Froggatt) 
ae ais adel Froggatt, Proc. Linn. Soc. N. S. Wales, ser. 2, vol. 7, 


Trichtogaser ie” (Froggatt) Mayr, Verhandl. Zool.-Bot. Gesell. Wien, vol. 
Pp 
Epiperilampus xanthocephalus Girault, Can. Ent., vol. 45, p. 224, 1913. 

This species has been redescribed by Mayr from specimens sent to 
him by Froggatt. Epiperilampus xanthocephalus was placed in syn- 
onymy by Noble (Trans. Roy. Ent. Soc. London, vol. 90, p. 15, 1940). 
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T. acaciae-longifoliae was originally recorded as causing flower-bud 
galls on Acacia longifolia. According to Noble it also causes similar 
galls on A. floribunda and A. sophorae. In the British Museum are six 
females from flower gall on Acacia longifolia, Sydney, New South 
Wales, Australia, (W. W. Froggatt) November, 1923; and two females 
from Mingenew, Western Australia (R. E. Turner), October, 1935. The 
United States National Museum possesses one female from Rose Bay, 
Sydney, Australia, November, 1890, identified by G. Mayr; four 
females from galls on A. longifolia, Botanic Gardens, Sydney, Novem- 
ber 15, 1911, identified by Froggatt; eight females and nine males from 
galls on A. floribunda, Sydney, November, 1936, identified by Noble. 

The specimens from Turner’s collection are somewhat darker, 
having brown spots on axillae and parapsides. 


Trichilogaster esculentus, new species (Ferriére) 
(Fig. 17) 


Female.—Body entirely orange yellow, except the occiput, the sides 
of the metanotum more or less, a transverse stripe in the middle of the 
abdomen and the last abdominal segment which are blackish. Antenna 
brown, scape and pedicel yellow. Legs entirely yellow. Wings hyaline, 
very slightly infuscated below the tip of the submarginal vein. 

Head transverse, narrower than the thorax; ocelli in a very low 
triangle, the lateral ocelli somewhat closer to the eyes than to the front 
ocellus; seen from in front, the head a little broader than high, the eyes 
oval, the cheeks rounded. Antennae inserted above the middle of the 
face, level with the middle of the eyes; scape narrow, reaching just to 
the front ocellus; pedicel not quite twice as long as broad; two rather 
thick annelli; funicle with six joints, the first two subquadrate, the 
others broader than long; club with three joints, about as long as three 
preceding joints together. Thorax short, broad, rather smooth; pro- 
notum very transverse; mesonotum with strong pardpsidal furrows; 
axillae large, meeting in the middle at a small median, crenulated fur- 
row; scutellum large, convex, with short longitudinal carinae near tip; 
propodeum short, with a thin median carina, and, on each side, two 
shorter carinae diverging posteriorly. Spiracles rather large, rounded. 
Wings with submarginal vein reaching almost to middle of anterior 
margin; marginal vein distinctly thickened, broadening slightly towards 
the stigmal vein, about three times longer than broad; stigmal vein a 
little shorter than marginal, broadly rounded at tip; postmarginal vein 
thick, scarcely longer than stigmal vein. Discal ciliation very short, 
sparse. Front and hind femora thickened, hind tibiae broadened and 
slightly flattened at tip, with two spurs. Abdomen short, oval, slightly 
narrower and distinctly shorter than the thorax, smooth, the fifth 
segment finely punctate; second segment the largest. 

Male.—Body black; antennae dark brown, scape and base of pedicel 
black; legs yellow, base of femora brown. Morphologically similar to 
the female; antennae more elongate, all funicle joints longer than broad; 
thorax narrower and more elongate; mesonotum and scutellum finely 
striate; abdomen as long as the thorax. 

Length, female and male, 3-3.2 mm. 

Central Australia, near Alice Springs, five females, four males, 
October, 1934 (Professor J. B. Cleland). 








ee ree 





1947] Gahan and Ferriére: Chalcidoidea 297 


From galls on Acacia aneura. These galls are said to be gathered 
and eaten by the natives. 

Type.—British Museum (Natural History). 

This species is related to T. acaciae-longifoliae Frogg., from which it 
differs mainly by the brown antennae, the shorter and smoother meso- 
notum, the longer marginal vein, and the less distinctly infumated wings. 

The following species, all described by Girault from Australia, have 
not been seen by us but presumably all belong to Trichilogaster. 


—— ame (Gir.), new combination. 
so mpus channingi Gir., Bul. Wis. Nat. Hist. Soc., vol. 11, p. 43, 


Trichilocaster significatus (Gir.), new combination. 
Syn., Epiperilampus significatus Gir., Mem. Queensland Mus., vol. 2, p. 301, 
1913. 


Treas ater (Gir.), new combination. 
tlampus ater Gir., Mem. Queensland Mus., vol. 3, p. 303, 1915. 
Trichdegnad adolphi (Gir.), new combination. 
Syn., Epipertlampus adolphi Gir., A New Habit in an Old Insect, Homo 
Pudicus and New Eurytomidae, p. 22, 1931. 
Trichtlogaster atricorpus (Gir.), new combination. 
Syn., Epiperilampus atricorpus Gir., A New Habit in an Old Insect, Homo 
Pudicus and New Eurytomidae, p. 2, 1931. 
Trichilogaster atricorpus socratis (Gir.), new combination. 
n., Epiperilampus atricorpus socratis Gir., A New Habit in an Old Insect, 
Homo Pudicus and New Eurytomidae, p. 2, 1931. 

Cynips acaciae-discoloris Froggatt is a closely related form which we 
have made the type of the new genus Trichilogastroides. Epiperilampus 
dilutiventris Girault is transferred to the genus Terobiella. In a footnote 
attached to the original description of that species Girault indicated it 
as belonging to his genus Melanosomella, a synonym of Terobiella, and 
his description of the antennae leaves little question: that it belongs in 
that genus. 


21. Genus Coelocybelloides Girault 
Coelocybelloides Girault, Mem. Queensland Mus., vol. 3, p. 307, 1915. 

Placed in the generic key on the basis of the description. Except for 
the hyaline wings and slightly separated axillae, this seems to be very 
close to Trichilogastroides, new genus (Ferriére), described in this paper. 

Two species (aureus and pulchrivariegatus) were originally included 
in the genus, with aureus cited as the genotype. Later, Girault (Mem. 
Queensland Mus., vol. 5, pp. 224, 225, 1916) described C. bioculatus and 
mediolineatus. C. bioculatus was based upon the same specimens as 
those used by Ashmead as the basis for his description of Alloderma 
maculipennis and is therefore a synonym of Ashmead’s species. C. 
mediolineatus, types of which are in the United States National Museum, 
is identical with Trichilogaster trilineata (Cam.) as we have already 
stated. Four other species have been proposed in the genus by Girault, 
viz. nigrisetae and pulchra (Proc. and Trans. Roy. Soc. So. Austral., 
vol. 53, p. 317, 1929) and atraticorpus and flavivena (A New Habit in an 
Old Insect, Homo Pudicus and New Eurytomidae, p. 2, 1931). 

The generic description is not very complete, and the genus is 
therefore hard to evaluate. Judged by the fact that species of both 
Alloderma and Trichilogaster were assigned to it by Girault, it may 
possibly prove to be a synonym of one or the other of these genera. 
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22. Genus Trichilogastroides, new (Ferriére) 


This genus is much similar to Trichilogaster in the form of body and 
antennae. It différs, however, greatly by the following characters: 

Head and thorax smooth and shining, with long, scattered hairs. 
Eyes rounded or short oval, protruding. Antennae covered with rather 
long and strong ciliae. Pronotum without transverse carina. Parap- 
sidal furrows almost straight. Wings distinctly longer than the body. 
Discal ciliation long and dense; marginal cilia short. Marginal vein 
elongate, narrow; stigmal vein long, curved, scarcely thickened at tip. 
Hind legs rather long, with long hairs. Abdomen oval, depressed 
above. 

Genotype, the following species. 


Trichilogastroides acaciae-discoloris (Froggatt), n. comb. 
(Figs. 18 and 18a) 


Cynips acaciae-discoloris Froggatt, Proc. Linn. Soc. N. S. Wales, ser. 2, vol. 7, p. 

155, 1892. 

Female.—Head and thorax orange yellow; stemmaticum and upper 
part of occiput black; pronotum with a rounded brown spot; propodeum 
and end of mesopleuron black. Abdomen black, brownish at base. 
Antennae black; scape, except tip, and pedicel orange yellow. Legs 
entirely yellow, except hind coxae brownish black. Wings infuscated, 
more strongly so on the anterior part below the marginal and post- 
marginal veins. 

Head smooth with black cilia, sparse on frons, more dense on occiput. 
Eyes rounded, ocelli forming an obtuse triangle, the lateral ocelli a 
little closer to the front ocellus than to the eyes. Cheeks as long as 
half the diameter of the eye. Seen from in front, head broader than 
high, trapezoid. Clypeus small, excavate in the middle. Antennae 
inserted about level with the middle of the eyes; scape short, broadened 
at tip; pedicel scarcely longer than broad; anelli small, the first sub- 
quadrate, the second transverse; the six funicle joints short, the first a 
little longer than broad, the others subquadrate; club with three joints, 
about as long as two preceding joints together. Thorax smooth; meso- 
notum large, with deep parapsidal furrows, the middle lobe longer than 
its anterior breadth. Ciliation rather long and sparse on the sides of 
the pronotum, mesonotum and propodeum, along the hind margin of 
the pronotum, along the parapsidal and axillar furrows and at tip of 
scutellum. Axillae large, joining in the middle. Scutellum longer 
than broad. Propodeum with two median carinae which diverge 
behind, and also with lateral carinae; spiracles short oval. Wings with 
marginal vein a little longer than stigmal vein and as long as postmar- 
ginal vein. Legs strong; hind legs much longer than front legs, with 
large coxae and long black cilia on femora and tibiae. Abdomen 
almost as long as the thorax, oval, the first segment large, the other 
segments transverse; Ovipositor not protruding. 

Length 3.8 mm. 

Redescribed from two specimens, one with the abdomen broken, 
which have been found lately in the cynipid collection of the British 
Museum under the name ‘‘Cynips acaciae-discoloris Frogg.”” They 
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bore no labels, except the No. 55, and are probably the types or cotypes 
of Froggatt. 

According to Froggatt this species has been bred from galls on 
Acacia discoloris in Australia. 


23. Genus Decatomothorax Ashmead 


Decatomothorax Ashmead, Mem. Carnegie Mus., vol. 1, p. 273, 1904. 
Xantheurytoma Cameron, Proc. Linn. Soc. N. S. Wales, vol. 36, p. 650, 1911. New 
synonymy. 

The genotype is D. gallicola Ashm., described originally in the 
generic key to Tridymini. It was more fully described and figured by 
Froggatt (Agr. Gaz. N. S. Wales, vol. 16, p. 234, 1905) under the name 
of “The Thickset Chalcid.’’ Froggatt’s description is short and not 
quite correct. He described the antenna as formed of nine segments, 
but he did not count the annelli and considered the club as one segment 
although his figures show the presence of annelli and divisions in the 
club. In his book, ‘‘Forest Insects of Australia” (Sydney, p. 87, 1923), 
Froggatt gives again a short description of this species under the name 
of Decatomothorax gallicola Ashm. 

The genus Xantheurytoma was described by Cameron in the Eury- 
tomidae and compared with Xanthosoma Ashm. (= Eurytoma IIl.). The 
genotype species, X. flava Cam., types of which are in the British 
Museum, is certainly congeneric with Decatomothorax gallicola Ashm. 

It is quite likely that Neorileyella Girault (Mem. Queensland Mus., 
vol. 4, p. 272, 1913) is also a synonym of Decatomothorax. The type 
specimens of D. gallicola Ashm. bear a manuscript name label placed 
there by Girault, indicating his intention to describe them as a new 
species in Neorileyella. Also the description of Neorileyella, as far as 
it goes, Seems to agree quite well with Decatomothorax, and at least one 
of the species which he included under the genus in his original descrip- 
tion (viz. N. hyalina) is said to have come from a gall on the ‘‘Kurra- 
jong”’ tree at Port Darwin, Australia. The Ashmead types were also 
from a gall on ‘‘Kurrajong.”’ It is impossible to be sure of this synonymy 
in the absence of specimens or a more complete description of the 
genotype species, NV. fasciata Gir. 

Chromeurytoma, another genus described by Cameron (Proc. Linn. 
Soc. N. S. Wales, vol. 36, p. 648, 1911), was placed by its author near 
Xantheurytoma. Types of the only species, C. clavicornis, obtained 
from galls on Eucalyptus, are in the British Museum and the species is 
a true eurytomid. 

Female.—Head, viewed from in front, wider than high; malar space 
equal to approximately half the eye height, malar groove absent; 
clypeus with its anterior margin straight; tentorial pits small; eyes oval, 
and bare; antennal fossae about on a line with lower extremities of eyes; 
scrobal cavity rather deep, extending to anterior ocellus, not carinately 
margined, with a prominent compressed tubercle between bases of 
antennae; ocelli in a very low triangle, lateral ocelli about equally dis- 
tant from anterior ocellus and eye margins. Head, viewed dorsally, 
strongly transverse, as wide as thorax; posterior orbits receding directly 
from eye margi..., occiput straight, not at all concave and not margined. 
Antenna moderately clavate, 13-segmented; scape cylindrical, reaching 
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to anterior ocellus; pedicel about one and a half times as long as thick; 
two transverse ring segments; funicle distinctly thicker than pedicel, 
6-segmented, the first and second segments about as long as broad, 
following segments successively shorter, the sixth segment about twice 
as broad as long; club 3-segmented, barely longer than two preceding 
segments combined, the two cross furrows distinct. Pronotum strongly 
transverse, rounded in front and at sides; mesoscutum broader than 
long; parapsidal grooves complete; axillae large, barely separated by a 
weak carina on the median line; scutellum convex, about as long as 
prescutum, carinately margined apically and slightly overhanging meta- 
notum ; propodeum with a weak median longitudinal carina, and another 
strong and slightly curved one on each side between spiracle and middle 
but much closer to middle than to the spiracle; propodeal spiracles 
rather large and nearly round, the spiracular grooves absent. Anterior 
and posterior femora slightly thickened; hind tibia a little broadened 
apically and with two distinct spurs. Forewings large, extending 
beyond apex of abdomen; marginal vein not thickened; stigmal vein 
strongly curved, about two-thirds as long as marginal, only slightly 
thickened at apex and without a distinct stylus; postmarginal vein a 
little shorter than stigmal; discal ciliation sparse, marginal fringe very 
short. Abdomen pointed ovate, as long as head and thorax combined, 
a little narrower than thorax, flattened or concave above, the first ter- 
gite incised medially; apices of ovipositor sheaths slightly exposed. 
Head, except within scrobal cavity, strongly sculptured with some umbil- 
icate punctures on frons and vertex; pronotum posteriorly, mesoscutum 
entirely, dorsal part of axillae, and scutellum on basal two-thirds with 
strong umbilicate punctures, the remainder of these sclerites as well as 
the rest of thorax with rather dense rugulose sculpture; propodeum, 
except laterad of spiracles, nearly smooth; abdomen smooth. 

Male.—Like the female except that abdomen is ellipsoidal and not 
longer than thorax. 


Decatomothorax gallicola Ashmead 
Decatomothorax gallicola Ashmead, Mem. Carnegie Mus., vol. 1, p. 273, 1904. 


Female.—Length 4 mm. Head, thorax, and propodeum yellow, the 
occiput brownish black, and the middle of scutellum as well as posterior 
part of mesoscutum more or less dark brownish. Antennae uniformly 
brownish yellow. Legs uniformly pale yellow. Wings hyaline, vena- 
tion dark brownish. Abdomen mostly yellow, but with apical half of 
dorsum more or less blackish brown mixed with yellowish. 

Male.—Length 2.5 mm. Similar to the female with the abdomen 
shorter and more extensively blackish above but with a bright yellow 
band at base. 

Redescribed from four females and four males in the United States 
National Museum labeled ‘‘Kurrajong, Forbes, 1899.’’ These spec- 
imens were the types of Ashmead’s description and were undoubtedly 
sent to him by Froggatt from New South Wales, Australia. In his 
above-cited book on forest insects in Australia, Froggatt has given some 
interesting biological observations on this species which forms galls on 
young twigs of the Kurrajong, Brachychiton populneum. 
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Decatomothorax flava (Cameron), n. comb. 
(Fig. 19 and 19a) 
Xantheurytoma flava Cameron, Proc. Linn. Soc. N. S. Wales, vol. 36, p. 650, 1911. 


Body orange yellow, the furrows between thoracic segments more or 
less brownish. Antenna of female brownish with scape and tip of 
pedicel yellow, of male entirely yellow. Abdomen of female reddish 
brown, of male more dark brown in the middle. Legs light yellow. 

Female.—Head transverse; ocelli placed in a curve, the distance of 
lateral ocelli from the eyes and from the front ocellus equal. Antennae 
inserted a little above the lowest level of the eyes, with 13 joints; scape 
short; pedicel not much longer than broad; the two anelli transverse; all 
six funicle joints broader than long; club with three joints, as long as 
three preceding joints together. Thorax finely shagreened. Pronotum 
short; mesonotum broader than long, with deep parapsidal furrows, 
widely separated behind. Cameron says that the parapsidal furrows 
are rounded behind and meet in the middle, but he has taken the suture 
between mesonotum and axillae for the continuation of the parapsidal 
furrows. Axillae large, triangular, meeting in the middle. Scutellum 
strongly transversally convex, broader than long; middle of postscu- 
tellum and part of the short propodeum hidden below tip of scutellum. 
Propodeum with large short oval spiracles and slightly curved carinae 
on each side, between the spiracles and the middle. Wings large; 
marginal vein narrow, twice as long as stigmal vein, which is curved, 
thickened at base and about as long as postmarginal vein. Abdomen 
shorter than thorax, broadening behind and sharply narrowed at tip. 

Male.—Similar to female; antennae longer, funicle joints more 
rectangular and more distinctly separated; abdomen narrower than the 
thorax. 

Length 1.7-2 mm. 

Redescribed from one female and one male, Cameron’s types, in the 
British Museum, labeled: Australia, New “South Wales, Richmond, 
15—XII-1902; bred from galls in flowers of Kurrajong. 

This species differs from Ashmead’s species only by its much smaller 
size and its entirely yellow coloration with only the thoracic sutures 
darkened. 


24. Genus Alloderma Ashmead 
Alloderma Ashmead, Mem. Carnegie Mus., vol. 1, p. 273, 1904. 


Alloderma was described in a generic key and A. maculipennis 
Ashm. named as the genotype. The only description of the species 
given by Ashmead was that in the generic key to-Tridymini and no 
indication was given of the source of the specimens upon which it 
was based. 

Generic characters taken from a female type are as follows: Head, 
view from in front broader than high; malar space equal to about three- 
fourths the eye height; eyes oval; malar groove effaced before reaching 
base of mandible; clypeus with its anterior margin straight; tentorial 
pits small; antennal fossae about on a line with lower extremities of eyes; 
scrobal cavity rather shallow and without limiting carinae; ocelli in a 
low triangle, the lateral ocelli fully as distant from eye margins as from 
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anterior ocellus. Head, viewed dorsally, strongly transverse, as broad 
as thorax; posterior orbits narrow and receding; occiput slightly con- 
cave, immargined. Antenna weakly clavate, 13-segmented; scape flat- 
tened beneath, a little thicker at apex than at base; pedicel about two 
and one-half times as long as broad; two ring segments, each a little 
longer than broad; first and second funicular segments about as long 
as broad, following progressively shorter; club 3-segmented, a little 
longer than two preceding segments combined, the two cross furrows 
distinct. Pronotum very short, rounded in front; mesoscutum broader 
than long with complete and moderately deep parapsidal grooves; 
axillae large, touching on median line; scutellum convex; a little shorter 
than prescutum, carinately margined apically and very slightly over- 
hanging metanotum; propodeum rugose medially, without definite 
median carina but with incomplete lateral folds; spiracles moderately 
large and circular. Anterior and posterior femora slightly thickened; 
posterior tibiae with two spurs. Forewings large, extending beyond 
apex of abdomen by about the length of abdomen; marginal vein not 
thickened; stigmal vein straight, very nearly as long as marginal, its 
knob small, with a distinct stylus; postmarginal vein about equal to 
marginal; discal ciliation normal, marginal cilia short; disk of wing 
with a fuscous cloud. Abdomen ovoid, about as long and as broad as 
thorax, flattened dorsally, the first tergite incised medially; ovipositor 
shortly exserted. Face and cheeks rather weakly reticulately sculp- 
tured; frons and vertex densely ruguloso-punctate; whole dorsum of 
thorax densely ruguloso-punctate, a little more coarsely so than vertex, 
dull, the punctures obscured by irregular rugulae; abdomen smooth. 


Alloderma maculipennis Ashmead 


Alloderma maculipennis Ashmead, Mem. Carnegie Mus., vol. 1, p. 273, 1904. 
Coelocybelloides bioculatus Gir., Mem. Queensland Mus., vol. 5, p. 224, 1916. 

Female.—Length 4 mm. Head, including antennae, brownish yel- 
low, with a large spot on occiput black and a blackish streak below each 
eye. Thorax brownish yellow, with a spot on anterior margin of each 
axilla, the groove at base of scutellum, metanotum (except postscu- 
tellum), propodeum between spiracles, and whole of mesosternum 
black. Legs pale yellowish, except that posterior coxae are black 
basally and all tarsi more or less brownish. Anterior wing with a large 
fuscous cloud extending from the beginning of the curve in submarginal 
vein to apex of stigmal vein, the rest of wing hyaline or subhyaline. 
Abdomen black, with the ventral margins more or less broadly yel- 
lowish. There is no carina on scutellum such as described by Girault 
but instead a very faint median groove is present on one specimen only. 

Redescribed from three females in the United States National 
Museum labeled ‘“‘Turpentine Gum Galls, Sydney, 20-8-1898.”’ 

Coelocybelloides bioculatus Girault was described from the types of 
Ashmead’s species. 
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GROWTH RATE IN THE COCKROACH 
PERIPLANETA AMERICANA (LINN)! 


H. T. GIER,?# 
Ohio University, Department of Zoology 


During a prolonged series of experiments with the so-called ‘‘intra- 
cellular symbionts” of the American cockroach, a thorough knowledge 
of the life history and rate of development of the host was found to be 
necessary. As there was little in the literature on the life-history of 
this roach, the necessary knowledge was obtained by careful observation 
and painstaking measurements of the animals in question. Some of the 
resulting data, not duplicated by the work of Gould and Deay (’38), is 
being published with the hope it may be of value to future workers. 

As this study was made secondary to the ‘‘symbiont” work, only 
those phases of growth that had direct bearing on ‘‘symbiont”’ relation- 
ships were investigated, i. e.: numbers and duration of nymphal instars; 
correlation of weight and linear measurements to instar; and effect of 
heat and food on developmental rate. 

The works of Rau (’24) and Klein (’33) were used as guides in 
beginning this study. Bodenheimer’s (’33) summary was drawn upon 
in making certain correlations, and a comparison of the data here pre- 
sented with that of Woodruff (’38, 39) on the German roach was 
attempted. 

MATERIALS AND METHODS 


The original stock of roaches was collected at Pittsburg, Kansas, 
and Indianapolis, Indiana. The roaches were kept in the laboratory in 
a 20 gallon glass aquarium with a glass cover. About two-thirds the 
length of the aquarium was filled with a sheaf of thin boards spaced so 
the roaches could pass between them freely. The remainder of the 
space was kept open for food and water containers. As many as eight 
hundred roaches lived very comfortably in these quarters. The pen 
was cleaned periodically, usually when roaches or eggs were being taken 
out for experimental purposes. 

Water was supplied continuously in a fountain bottle, i. e.: a 4 oz. 
bottle fitted with a 1-hole stopper holding a bent glass tube, inverted on 
a wire tripod so the tip of the glass tube was one-half inch from the 
floor. Food was placed in the cage once or twice weekly. Raw pota- 
toes supplemented monthly with a little raw lean meat was most satis- 
'The embryological studies and preliminary life history experiments were 
done at Indiana University (1933-36). Most of the specific data given in this 
paper, other than embryological, is the result of work done in connection with a 
study of the ‘‘Growth of the intracellular symbionts of the cockroaches’’ on a 
National Research Council Fellowship at Harvard University Biological Lab- 
oratories (1936-37). The work was completed and the paper prepared at Ohio 
University (1939-45). 

2The author wishes to express his gratitude for the helpful criticisms received 
during the course of this work, especially from Professors C. T. Brues, Fernandus 
Payne, and A. C. Kinsey on the experimental work, and Professors G. W. Starcher 
and King Adamson on the mathematical calculations. 


3Now at Kansas State College, Manhattan, Kansas. 
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factory, but Purina Dog Chow pellets gave excellent results. Unassorted 
table scraps, and all other fairly balanced diets tried were satisfactory, 
at least from the standpoint of fecundity. 

Experimental animals were kept in glass culture dishes, the bottoms 
of which were covered with an appropriate size, low grade filter paper to 
facilitate cleaning. Water and food were supplied in Syracuse watch 
glasses as needed. Weighing and measuring were ordinarily done in a 
refrigerator room at 40 degrees F. at which temperature the animals 
were immobile. All weighing was done on analytical balances. Meas- 
urements on the first three instars were made with an eyepiece microm- 
eter in a dissecting scope: later instars were measured with calipers. 


THE LIFE CYCLE 

Eggs: In Periplaneta americana, each ovary is made up of eight 
tapering ovarioles, with the anterior tips attached to the dorsal body 
wall and the posterior or basal ends opening into the oviduct. Ina 
sexually active female, normally there are about 30 growing eggs in each 
ovariole ranging in size from 30 by 30 mu near the tip to 1.1 by 3.6 mm. 
at the base. One egg matures at the basal end of each ovariole every 
six or seven days. (Gould and Deay ’38, Table II.) These mature eggs 
pass, one by one, into the oviduct and thence to the vagina where they 
are forced into the soft mass of plastic material which in turn is moulded 
into an ootheca by the ovipositor. The upper edge of the ootheca seems 
to be formed by crimping the edges of the sheet of plastic material 
together, much as the cover is fastened on a fruit pie. 

The eggs in the oviduct are approximately 3.6 mm. long by 1.1 mm. 
thick, circular in cross-section, slightly concave on the ventral side, and 
a little smaller at the anterior end. They are pressed into the ootheca 
in two alternating rows, with the ventral side of the egg on the median 
line of the ootheca and the anterior end of the egg at the crimped edge 
of the ootheca. Eggs from the middle of the capsule are approximately 
4 mm. long, 1.7 mm. thick and .85 mm. wide. Nearly one per cent of 
the eggs are placed wrong end up in the ootheca so they never emerge 
although development continues normally. Rotation of the egg on its 
longitudinal axis occurs infrequently and seems to have no permanent 
effect on development or hatching. 

The normal number of eggs in the P. americana ootheca is sixteen, 
one from each ovariole. Occasionally a female consistently deposits 
only fifteen, or less, because of disease, degeneration, or other abnor- 
mality of one or more ovarioles. Insufficient or unbalanced diet causes 
a decrease in egg numbers. Gould and Deay (38) report reduced num- 
bers of eggs and imperfect capsules from old females. Imperfections 
with age were not found in the stock used in these experiments unless 
age was accompanied by ovariole degeneration or dietary deficiency. 
Specific diets of purified foods such as peptone or dextrose caused a 
decrease in frequency of ootheca production and a reduction of the 
number of eggs placed in the ootheca. In extreme cases, egg production 
was limited to one ootheca per month with six eggs each. Such eggs 
rarely hatched. 

The length of time necessary for the completion of an ootheca 
depends on the condition of the female and on the temperature. Under 
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optimum conditions (good nutrition and 25 degrees C.) an ootheca is 
complete within eight to twelve hours after it is first visible and is 
dropped within another twelve hours. Under adverse conditions, the 
ootheca may be carried for four days or even longer (Rau ’40). Ootheca 
forcibly removed from the female before they are complete invariably 
shrivel and fail to hatch. 

Incubation and eclosion: In order to determine the optimum temper- 
ature for embryological development, groups of 25 ootheca were placed 
in incubators at each of several different temperatures with the results 
given in Table I. Later experiments showed no significant difference 
in rate of development and hatchability between 30° and 31° C., but 
higher temperatures are definitely detrimental. None hatched at 40° C. 

Failure of eggs to hatch under normal conditions is usually due to 
either improperly sealed oothecae, which allows the eggs to dry, or to 
mould or bacterial infection. Of several thousand oothecae studied, 
none were definitely proved to be infertile (Contrast Gould and Deay 
38). Of 60 virgin mature females kept under observation for two 
months, none produced any oothecae. 


TABLE I 
EFFECT OF TEMPERATURE ON INCUBATION 


Temperature Days Incubation | Per Cent Hatch 
21 degrees C........... 54-60 70 
28 degrees C........... 32-34 80 
30 degrees C.......... 29-30 83 
33 degrees C........... 31-33 81 
36 degrees C........... 32-34 65 


At constant temperature (30° C.), and reasonable humidity, no 
seasonal variation in hatching time was noted in nearly three years of 
continuous embryological studies. The seasonal fluctuations in hatch- 
ing time reported by Gould and Deay (’38) are, therefore, rather 
difficult to interpret. 

Eclosion, or hatching, occurs when all embryos are developed enough 
to exert sufficient pressure to open the ootheca. As soon as the cement 
on the lips of the ootheca is broken all nympha wriggle out, moulting 
their embryonic skin as they do so. If one or two fail to emerge when 
the others do, they perish, as they are not able to force the ootheca open 
again. Eclosion may be brought about as much as three days prema- 
turely by manually opening the capsule, but such premature nymphs 
are rather frail and sometimes do not survive. 

Attempts to rear embryos out of the ootheca were not generally 
successful, probably because of injuries inflicted on the embryos during 
the process of removing them from the ootheca. However, a few 
animals removed from the oothecae, completed the last one-third of their 
embryonic development in test tubes of sterile agar. These hatched at 
their regular time and behaved in a normal manner. 

Nymphal instars and moulting: The newly emerged nymphs from each 
of five ootheca were placed in separate glass bowls. These were fed all 
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they could eat and were transferred to successively larger bowls as they 
became overcrowded. They were examined twice daily, and all moults 
were recorded. The newly-moulted animals of each group were placed 
in a new bowl, so that each bowl had individuals of the same nymphal 
stage. (A supplementary series of 10 animals of each instar, selected 
from the stock culture, was checked concurrently with the main series.) 
To facilitate identifying individual roaches, those of the fourth instar 
and older were marked by punching various combinations of smooth 
round holes through the edges of the nota with a fine forceps-punch. 
After the animals moulted, the marks remained as scars. 

The results of this time study are given in fig. 1. Each circle repre- 
sents the mean time of moulting of five individuals. The normal 
moulting time was determined arbitrarily as the point of intersection of 
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Fic. 1. The time of moulting in Periplaneta americana. Moulting time was 
noted for approximately 75 animals from the time they hatched until they were 
sexually mature. Each circle on the graph represents five individual moults 
of nearly the same age. The ordinate indicates the number of times the roaches 
in question had moulted; the abscissa gives the age of those animals in days. An 
even curve was drawn approximately through the mean time for each moult. 
The point of intersection of this curve with the line on which the moult in question 
was recorded indicates the ‘‘normal’’ time of moult. The duration of the nymphal 
instars in the succeeding graphs are based on these results. 


a smooth curve drawn approximately through the mean date for each 
moult and the line on which the dates were plotted. The duration of 
the successive instars thus established are 18, 24, 26, 29, 30, 33, 38, 40, 
43, and 50 days. This shows, as in individual cases, successively longer 
growth periods for succeeding instars. In general, a roach that moulted 
early one time would continue moulting early on succeeding times, thus 
reaching the adult stage much younger than the average, and those that 
remained in one stage longer than usual repeatedly moulted late. Age 
variation in all groups observed, followed this same schedule very 
closely. In three cases it was determined definitely that certain indi- 











ER ee . 
ewe ree 


1947] Gier: Growth Rate in the Cockroach 307 


viduals grew oversize in instar III, and after they moulted, they con- 
formed closely in proportions to animals of instar V. Two others, in 
the same way, omitted instar VI, but in no case was the series shortened 
by more than one instar. In one case, a seventh instar male moulted 
ten days after reaching that stage without having increased appreciably 





0 50 100 150 200 250 300 350 
DAY $ 

Fic. 2. Increase in weight in Periplaneta americana. The weight in milli- 
grams, is plotted on a semi-logarithmic scale against the ‘‘normal’’ duration 
of instars. The dotted line represents the general trend of development. Solid 
lines show the actual weight of an average individual. In this and succeeding 
graphs where there are two trends in late nymphal and adult stages, the upper 
line indicates the female characteristic and the lower line represents the male. 


in size, which may indicate that under certain conditions superfluous 
moulting may occur. The finding of ten nymphal instars confirms the 
work of Fischer (’28). 

Another series reared in the incubator at 30° C. went through cor- 
responding moults as far as the eighth instar at which time the exper- 
iment was discontinued. Early moults were speeded up considerably 
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at this temperature, later moults were affected less, e. g.: some individ- 
uals moulted successively at 8, 23, 39, and 58 days, while the youngest 
fifth instar at room temperature was 70 days old. There are, of course, 
some individuals at any temperature that do not moult when they 
should. Those seem to be, for the most part, roaches with low vitality, 
possibly because of disease, poor nutrition, or over-infestation with 
parasites. These slow-moulting individuals were subject, much more 
than others, to unsuccessful moults. Sometimes they died half way 
out of the old skin, sometimes they were eaten by their more vigorous 
cage mates, and sometimes they emerged badly misshapen. It is 


TABLE II 
CHARACTERISTICS OF Periplaneta americana 


Weights (in milligrams) and measurements (in millimeters) were taken as 
soon as the new chitin hardened after the moult and before the roach was allowed 
anything to eat. The median and extremes are listed in each case. 






































Age Body Tibia Head _ | Pronotum| Abdomen] Antennae 
Instar (in days) Weight Length Length Length Width Width Length 
I Just 4.5 4.4 1.28 1.35 1.7 1.9 6.5 
hatched 4-5 4.1-4.6 | 1.25-1.3 | 1.3-1.4 1.6-1.8 1.8-2.0 5.8-7 
II 18 6.4 5.2 1.7 1.65 2.1 2.5 9.5 
10-30 6.0-6.8 4.5-5.4 1.6-1.8 1.6-1.7 | 2.0-2.15 | 2.3-2.7 | 9.0-10.6 
III 42 11.5 6.5 2.04 2.0 2.5 3 11.2 
20-60 10. 2-12 6.0-7.0 2.-2.1 1.9-2.1 2.3-2.7 2.7-3.2 10.5-12 
IV 68 24 8.6 2.5 2.25 3.2 3.4 13.5 
45-90 21-30 8.0-9.0 | 2.4-2.6 | 2.1-2.4 | 3.03.3 | 3.1-3.7 12-15 
V 97 46 10.8 3.15 2.58 3.8 4.2 16.2 
70-160 35-55 9-12 3.0-3.2 | 2.5-2.6 3.44 4.0-4.5 15-18 
VI 127 88 13.1 4.0 3.2 4.8 5.2 21 
90-190 70-102 11-15 3.94.1 3-3.3 4.5-5.0 | 5.0-5.6 20-24 
Vil 160 140 16 5.2 3.9 5.8 6.5 26 
110-210 106-160 15-17 5.0-5.4 | 3.8-4.2 | 5.5-6.2 | 6.0-7.0 24-27 
VIII 195 250 19 6.6 4.5 7.0 8.3 31 
125-265 190-280 18-21 6.2-7.0 | 4.4-4.7 | 6.8-7.5 8-9 29-37 
IX 235 420 23 8.05 5.3 8.1 10 38 
140-340 325-520 21-25 7.8-8.5 §.2-5.5 8.0-8.5 | 9.5-10.5 37-40 
x 278 650 28 9.8 6.0 10 11.6 45 
160-450 500-750 24-30 9.0-10 5.8-6.2 | 9.0-10.5 11-12 40-49 
XI F 328 1090 35 12.2 6.5 10.5 13 54 
190-520 1020-1210 33-37 12-13 6.3-7.0 10-11 12-14 49-59 
XI M 328 980 34 12.2 6.6 10 11 54 
190-520 910-1050 33-36 12-12.5 6.5-7.5 | 9.5-10.5 |10.5-11.5| 49-59 


doubtful if many of these extremely tardy individuals would ever reach 
maturity in nature. 

Part of the individuals from the experiment described above, and a 
considerable number from other series, were weighed and measured in 
order to get some relationship between size and instar, and to determine 
actual growth rate. Between ten and twenty newly-moulted, unfed 
individuals of each instar were weighed and measured, as were also a 
considerable number of individuals later in each stage. The major 
results are summarized in Table II, and graphed as stated below. 
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The weight of roaches, according to instars, is plotted in fig. 2, on a 
semilogarithmic scale. The dotted line shows the general growth of an 
‘average animal,” the solid lines represent more nearly the actual 
weight of any individual. The weight of an individual changes rapidly 
at moulting time, because the animal eats nothing for at least a day 
before moulting, then eats all it can a few hours after the moult. No 
significant difference in weight between the sexes was detected until 
the last nymphal instar. 

Total body length is plotted in fig. 3. The general growth rate 
appears to be quite regular except for a slight acceleration in the third 
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Fic. 3. Total body length and metathoracic tibial length of Periplaneta 
americana, The body length was measured from the tip of the forehead to the tip 
of the abdomen (exclusive of the cerci). The tibial length was taken as the actual 
length of the tibia without the spines. Solid lines show the actual individual 
increase. 


and fourth instar. The sudden increase following the moult is due to 
rapid lengthening of the abdomen during the first few feedings. Con- 
tinuous increase in length between moults is accounted for entirely by 
expansion of intersegmental membranes. 

In contrast to weight and length, which have more or less continuous 
change, all solidly chitinized structures have discontinuous growth, 
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increasing in size appreciably only at the time of moult. Of such 
structures, measurements were taken on the legs, antennae, abdominal 
sclerites, and palpi. The length of the metathoracic tibia is plotted in 
fig. 3. This structure is so constant between moults, has so little indi- 
vidual variation, and is so easily measured that it can be used as an 
almost certain index of the degree of development, if it is not a regen- 
erated structure. Regenerating appendages apparently follow the same 
pattern as described by Woodruff (’37) for Blattella germanica. 
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Fic. 4. Width of the abdomen and length of antenna of Periplaneta americana. 
The measurement was taken across the widest part of the abdomen (4th segment). 
The narrowing of the abdomen after the moult was determined by close observa- 
tion on individuals for the entire period between moults. Antennae length was 
measured only on individuals with both antennae the same length and apparently 
normal for the instar in question. 


The antennae (fig. 4) and the cerci, increase definitely in length at 
the moult, but continue slight elongation (by stretching of inter-seg- 
mental areas) between moults. The antenna regularly increases near 50 
per cent of its origina length at the time of the first moult, then main- 
tains a nearly constant rate of approximately 20 per cent increases at 
each succeeding moult. It is probably rather uncommon for a roach to 
go through all ten instars in captivity without breaking off one or both 
antennae at least once, and regenerated antennae are measurably 
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smaller and shorter than normal for at least two instars following the 
break. Because of so many questionable cases, antennal length has not 
been regarded seriously in this study. The cerci are so small, and hard 
to measure, that sufficient measurements were not taken to include in 
the summary table. 

The width of the pronotum and the length of the head (fig. 5) do not, 
generally, offer good characteristics for determining stadia because of 
the low rate of increase, at times resulting in an overlapping of measure- 
ments of individuals in two successive moults. The head length shows 
the greatest irregularity of increase of any structures studied. This 
irregularity may be more apparent than real, because a slight variation 
in the angle of measurement makes a significant difference in the results, 
and with use of only live roaches, this variation was not corrected. 


TABLE III 


PROGRESSION FACTORS FOR CHARACTERISTICS OF Periplaneta americana CALCULATED 
FROM THE AVERAGE MEASUREMENTS GIVEN IN TABLE II 




















Moult Pro- Abdom- 
between | Weight | Body | Metath.| Head thorax inal |Antennae 
Instars Length | Tibia Length | Width Width | Length 
1- 2.. 1.42 1.18 1.325 1.22 1.23 1.31 1.46 
2- 3.. 1.8 1.25 1.2 1.21 1.19 1.2 1.18 
3- 4.. 2.18 1.32 1.22 1.12 1.28 1.13 1.2 
4- 5.. 1.92 1.25 1.22 1.13 1.19 1.2 1.2 
5- 6.. 1.92 1.21 1.31 1.25 1.26 1.27 1.29 
6- 7 132 | 1.22 1.3 1.25 1.205 1.25 | 1.21 
7- 8 1.78 1.19 | 1.27 1.25 1.215 1.29 1.21 
8- 9 1.76 | 1.21 1.22 1.20 1.16 1.19 1.225 
9-10.. 1.47 | 1.19 1.21 1.11 123 | 1.12 1.18 
10-11.. F 1.68 | 1.27 1.26 Lt | te 1.16 1.20 
M LS | F.3}) ES 1.1 | 1.00 .98 1.20 
{ 1 











The abdomen, although fairly constant in the newly moulted animal, 
varies considerably with feeding conditions, in general becoming nar- 
rower, thicker, and longer as growth proceeds between moults (Table IT, 
and fig. 4). There is definitely a differential development in this char- 
acteristic, the abdomen is proportionately much wider during the second 
and third instars than at later times. Males can be differentiated from 
the females in the adult stage by the more slender, tapered abdomen and 
the longer wings. The sexes can be differentiated even in the first, 
instar by the division of the last abdominal sternite in the female, as 
described by Gould and Deay (’38). 

Analysis of growth rate: Various analyses of the data here presented 
have been attempted, with only nominal correlation with previously 
published analyses of growth rates in all cases. 

Dyar’s rule, as stated and interpreted by Przibram (’12) and Boden- 
heimer (’33), has no real merit in this case. The progression factors for 
the characteristics under consideration are given in Table III. These 
progression factors (P. F.) are calculated by dividing the measurement 
immediately following the moult by the similar measurement following 
the previous moult. From the second to the fifth moult, the P. F. for 
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weight approaches the standard derived by Dyar: for the other moults 
the factor is considerably low. This would indicate superfluous moults 
if Dyar’s rule has a fundamental basis. The progression factors for 
some of the linear measurements (body length and pronotal width) show 
something of the same trend as for weight. The peak development for 
the metathoracic tibial length and head length, however, is shifted to 
the fifth, sixth, and seventh moults. These trends are graphically shown 
in figs. 2 to 5. Weight, body length, and prothoracic width have a rather 
regular change in the decrease of their progression rates, producing an 
even curve depressed on the upper end as pointed out by Gaines and 
Campbell (’35). Weight, especially, shows a tendency toward a sig- 
moid curve. When the curve is extended back approaching zero weight, 
the sigmoid nature of the curve is quite pronounced. Abdominal width, 
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Fic. 5. Width of the pronotum and length of the head. The pronotal width 
was taken as the widest point, edge toedge. The head was measured with calipers 
from the tip of the crown to the center of the notch of the labrum. 


metathoracic tibial length and head length do not have the same regular 
pattern of development as do the other characteristics listed, as can be 
seen by the depression in the curve for moults 4, 5, and 6. This same 
depression of the growth curve occurs for antennal length, but to a less 
marked extent. Antennal length shows the additional peculiarity of 
an exceedingly great increase at the onset of Instar II. Abdominal width 
of the male and prothoracic width of both sexes in P. americana, as 
Woodruff (’39) found for the prothorax of Blattella germanica, nearly 
reached their maximum size at the beginning of the last nymphal instar. 
These variations in pitch and regularity of curves reinforces the opinion 
advanced by Woodruff (’39) that each part of the body has its own 
rate of development, and adds the probability that the rate of develop- 
ment may be irregular, i. e.: differential development for some structures 
and regular for others. 
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An attempt at applying Woodruff’s (’38, ’39) equations to these 
growth curves met with moderate success. He found that for the 
German roach, the general equation for a parabola gave a fair fit for 
the observed growth curve, but that the form of logarithmic curve 
expressed by the equation log W=a+bt+c log (t+1), simplified to 
log W=bt+c log t corresponded to the observed growth curves much 
better. In the equations W is the measured value, t is the age in days, 


TABLE IV 


CONSTANTS DETERMINED FOR DIFFERENT METHODS 


CONSTANTS 
a b c 

1. logw =a-+ bt + ct? 1.65718 .018538 .000007508 
start t = 0 at eclosion 

2. logw=a+bt+clogt 4.41124 .009929 1.33517 
start t = 0 at oviposition 

3. logw=a+bt+clogt 1.1945 .014107 . 2558 
start t = 1 at eclosion 

4. logw=a+bt+clogt 7.409 .004872 2.1214 


start t = 50 at occlusion 





TABLE V 


COMPARISON OF WEIGHT INCREASE AS DETERMINED BY DIFFERENT METHODS 





INSTAR 





METHOD Nl | | 

|} 1 | 2 | 3 4 5 6 7 | 8 9 10 
Observed | 4 6.4 11.5 | 24 46 | 88 140 | 250 | 420 650 | 1090 
1 5.24 | 7.34] 11 19 34 | 62.5 | 123 | 259 | 619 | 1620 | 5680 


2..........| 3.70 | 6.67 | 12.3 | 22.5} 41 | 71 123 | 214 | 402 | 721 | 1390 
ee 4.25 | 8.91 | 15.4 | 25 42 | 68 | 115 | 200 | 367| 704 | 1490 
4..........)3.1 |5.9 |14 | 24 49 | 85 | 138 | 234| 403 | 651 | 1101 


and a, b, and c are constants. When the constants a, b, and c were 
determined by the method of least squares for the equation fora parabola, 


log W=a+bt-+ct? (1) 


beginning with W =4 and t=0, at eclosion, a very different curve was 
obtained than the one from observed data. With the derived constants 
(Table V), there is no factor to reduce the curve at its upper end, so it 
proceeds off the scale, with a value for W near maturity much higher 
than observed (Method 1, Table IV). 
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Considering the equation for the logarithmic curve recommended by 
Woodruff (38), 
log W=a+bt-+c log t (2) 


it was found that only by starting with a real number greater than 1 could 
the observed growth curve be closely approximated. When the equa- 
tion was set up with t=0 at oviposition, there was a fair approximation 
of the actual growth curve up to the ninth instar (Method 2, Table IV). 


TABLE VI 


COMPARISON OF THE VALUE OF THE MEASURED CHARACTERISTICS AS OBSERVED 
(a) AND AS CALCULATED (c) BY THE Equation Loc 
w=a-+ bt +c log t beginning with t = 50 days at eclosion 








Bopy STRUCTURE 














INSTAR 
Weight Body Tibia Head Pronotum | Abdomen | Antenna 
Length Length Length Width Width Length 
I ° 4.0 4.4 1.3 1.35 1.7 1.9 6.5 
c 3.1 3.8 1.02 1.3 1.8 1.83 5.8 
II ° 6.4 5.2 1.7 1.65 2.1 2.5 9.5 
c 5.9 5.3 1.6 1.6 2.15 2.34 8 
III ° 11.5 6.5 2.04 2.0 2.5 3 11.2 
c 13 6.8 2.2 BY 2.63 2.98 11.6 
IV ° 24 8.6 2.5 2.25 3.2 3.4 13.5 
c 24.3 8.5 2.64 1.95 17 3.71 14.4 
V ° 46 10.5 3.1 2.58 8 4.2 16.2 
c 49 10.6 3 2.8 3.81 4.55 18.2 
VI ° 88 13.1 4 3.2 4.8 5.2 21 
c 85 13 4.08 3.25 4.6 5.47 21.4 
VII ° 140 16 5.2 3.9 5.8 6.5 26 
c 138 15.6 5.03 3.8 5.4 6.56 27 
VIII o 250 19 6.6 4.5 7.0 8.3 31 
c 234 18.9 6.2 4.36 6.35 7.8 32 
IX ° 420 23 8.05 5.3 8.2 10 38 
c 403 23 7.7 5.1 7.43 9.34 37 
x o 650 28 9.8 6.0 10 11.6 45 
c 651 28.1 9.6 5.83 9.51 11.5 43 
Adult ° 1090 35 12.2 6.5 10.5 13 54 
me c 1100 35.2 12.6 6.8 11.8 13.4 50 
Sy 7.8 .23 026 021 53 32 1.74 
Constants of 
Progression: 
a —7.409 —1.1265 —2.3587 —2.1075 —1.15532 | —2.08634 | —2.4652 
b 004872 . 002682 003133 .001452 .003271 0020346) —. 
c 2.1214 .6186 . 62016 .58605 .403023 .66186 1.0788 





Starting with t=1 at eclosion (Method 3, Table IV) the calculated curve 
is fair up to the tenth instar, but here again, the ‘‘depressor”’ is not 
active enough as t and W increase. 

If, however, eclosion time is considered as 50 days following oviposi- 
tion, and subsequent moulting times are calculated from that, a very 
close fit is obtained for weight (Table IV, Method 4), and for several 
other characteristics (Table VI), indicating that here, in general, growth 
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rates follow the same pattern established by Woodruff (’38 and ’39) 
for Blatella germanica, although differential development is not acknowl- 
edged by such mathematical equations, and any irregularities must 
necessarily increase the calculated deviation. For all the structures 
here considered, the calculated curve so closely fits the observed curve 
that no attempt is made to compare the two curves graphically. 

Woodruff’s (’38) suggestion that the constant a@ may be omitted and 
thus modify the equation to 


log W =bt+c log t 


is not possible for Periplaneta americana because a in no case approaches 
unity and such omission drastically modifies the position of the curve 
on the vertical scale. 

We may well conclude that the growth rate of the animal in ques- 
tion, and possibly of all Blattidae, in general follows a logarithmic curve 
represented by the equation Log W=a+bt+c log (t+x) where x equals 
the approximate number of days between oviposition and eclosion. 
The variations in the curves, however, stress the specific growth behavior 
of different structures on the same individual, and mean that more 
constants must be used in any equation to compensate for the irreg- 
ularities involved. 

It is impossible to make such calculations as those presented in this 
discussion without questioning what factors in the animal correspond to 
the ‘‘constants of progression” used in our mathematical calculations. 

Detailed work on the fat bodies of the roaches used in this study 
further disproves (Abercrombie, 36) the generalization advanced by 
Sztern (’14) and adopted by Bodenheimer (’33) that a doubling of cells 
accompanied each moult. The bacteriocytes (symbiont-filled cells 
within the fat bodies) were carefully counted and their volumes calcu- 
lated for a large series of roaches. At the time of hatching, the average 
number of bacteriocytes per roach is approximately 1700, and the final 
number, in an adult female is approximately 100,000, or an average 
increment of only 1.58. An average increment of 2 would give a final 
number of 17,380,000, or about 173 times the actual figure. The volume 
of these cells, however, increased at a much more rapid rate, maintain- 
ing the original ratio of bacteriocyte volume to total body weight, by 
increase in size of individual cells. The details of this work will be 
released in the near future. 


EFFECT OF DIET ON GROWTH 


A few feeding experiments indicate that the American roach can live 
for long periods of time on very insufficient diets. Of five individuals 
(of instars 4, 6, and 9) kept in glass bowls with distilled water and 
acid-washed filter-paper, the survival periods were 12, 14, 33, 76, and 
101 days. One of five tenth instar females, fed only dextrose, moulted 
successfully after 60 days, and produced five egg capsules in the fol- 
lowing four months. The eggs in two of these capsules hatched and a 
normal proportion of the young lived for five months, with dextrose, 
filter paper and tap water as their only source of nourishment, but none 
of these had reached the stage of development necessary for the second 
moult before the experiment was terminated. Roaches fed on peptone 
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or gelatine died in about the same length of time as did those that had 
agar or filter paper only . 

Several groups were hatched aseptically (after sterilization of the 
ootheca in equal parts 1-500 mercuric chloride and 95 per cent alcohol 
for 10 min.), and were kept in large test tubes on sterile bacteriological 
media (nutrient agar with whole wheat, yeast, or blood added). A few 
were kept sterile as long as 110 days. Of these, 18 moulted twice, and 
only one moulted three times. They were considerably smaller than 
normal animals in the same stage. Animals with the same food plus 
their normal intestinal flora grew normally. 

Those animals without food or with pure proteins lived only until 
the supply of fat stored in their fat bodies was exhausted. Then they 
starved to death—with plenty of proteins in the gut lumen, and masses 
of crystals (of a protein nature) in their fat bodies. On the other hand, 
those that had only purified carbohydrates (dextrose, dextrin, lactose, 
galactose and mannite) lived very well and increased in weight (by 
deposition of fat). Seventeen out of twenty-five of the animals sup- 
plied only with carbohydrates lived 300 days, at which time they were 
killed and examined. All had rich fat stores, and none had any protein 
crystals in the fat bodies. These, however, failed to grow or reproduce 
normally because of lack of proteins or minerals, or vitamins, or 
combinations of these. 

The feeding experiments would indicate the following points con- 
cerning the physiology of Periplaneta americana. 

1. This roach either has little powers of deaminotization, or it 
has poor facilities for eliminating protein wastes. 

2. This roach cannot build proteins, or growth vitamins, for 
itself, but intestinal bacteria may produce enough of these sub- 
stances from simple foods to keep the animal alive. 

3. The crystals in the fat body may represent accumulations of 
protein waste that are either eliminated or utilized when protein 
food is limited. 

Additional work on these physiological questions is needed badly. 


SUMMARY 

1. Detailed life history studies were made on the cockroach, Peri- 
planeta americana (Linn.) 

2. The normal number of eggs per ootheca is 16; the normal rate of 
oviposition is one ootheca eyery 6-8 days; the number of oothecae 
produced by one female may regularly be as high as 30. 

3. Embryonic development at room-temperature requires about 57 
days; at optimum temperature (30° C.), 30 days. 

4. There are normally ten nymphal instars of gradually increasing 
duration, ranging as an average from 18 days for the first instar to 50 
days for the tenth. 

5. An individual may reach sexual maturity in seven months under 
optimum conditions, but probably in nature the time is more nearly 
one year. 

6. Body weight approximately doubles between moults (increases 
1.8 times). Body length and most other linear measurements increase 
about 22 per cent between moults. 
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7. Because of their discontinuous growth, such characteristics as 
length of head or meta-thoracic tibia or width of the pronotum are good 
indices of developmental stage. 

8. The logarithmic equation: log W=a+bt+c logt, in general 
fits the growth curves plotted from data collected in this study. 

9. Dietary deficiency delayed or stopped moulting. 

10. Roaches raised aseptically grew slowly and were under-size. 
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THE LEPIDOPTERISTS’ SOCIETY.—The many be soeg eee of our 
continent are to have an opportunity for more compact exchange of information in 
a mimeographed publication ‘‘The Lepidopterists’ News,’’ to be distributed by 
the newly organized Lepidopterists’ Society of Cambridge, Massachusetts. 
Charles L. Remington and Harry K. Clench are co-editors of the new bulletin. A 
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or gelatine died in about the same length of time as did those that had 
agar or filter paper only . 

Several groups were hatched aseptically (after sterilization of the 
ootheca in equal parts 1-500 mercuric chloride and 95 per cent alcohol 
for 10 min.), and were kept in large test tubes on sterile bacteriological 
media (nutrient agar with whole wheat, yeast, or blood added). A few 
were kept sterile as long as 110 days. Of these, 18 moulted twice, and 
only one moulted three times. They were considerably smaller than 
normal animals in the same stage. Animals with the same food plus 
their normal intestinal flora grew normally. 

Those animals without food or with pure proteins lived only until 
the supply of fat stored in their fat bodies was exhausted. Then they 
starved to death—with plenty of proteins in the gut lumen, and masses 
of crystals (of a protein nature) in their fat bodies. On the other hand, 
those that had only purified carbohydrates (dextrose, dextrin, lactose, 
galactose and mannite) lived very well and increased in weight (by 
deposition of fat). Seventeen out of twenty-five of the animals sup- 
plied only with carbohydrates lived 300 days, at which time they were 
killed and examined. All had rich fat stores, and none had any protein 
crystals in the fat bodies. These, however, failed to grow or reproduce 
normally because of lack of proteins or minerals, or vitamins, or 
combinations of these. 

The feeding experiments would indicate the following points con- 
cerning the physiology of Periplaneta americana. 

1. This roach either has little powers of deaminotization, or it 
has poor facilities for eliminating protein wastes. 

2. This roach cannot build proteins, or growth vitamins, for 
itself, but intestinal bacteria may produce enough of these sub- 
stances from simple foods to keep the animal alive. 

3. The crystals in the fat body may represent accumulations of 
protein waste that are either eliminated or utilized when protein 
food is limited. 

Additional work on these physiological questions is needed badly. 


SUMMARY 

1. Detailed life history studies were made on the cockroach, Peri- 
planeta americana (Linn.) 

2. The normal number of eggs per ootheca is 16; the normal rate of 
Oviposition is one ootheca eyery 6-8 days; the number of oothecae 
produced by one female may regularly be as high as 30. 

3. Embryonic development at room-temperature requires about 57 
days; at optimum temperature (30° C.), 30 days. 

4. There are normally ten nymphal instars of gradually increasing 
duration, ranging as an average from 18 days for the first instar to 50 
days for the tenth. 

5. An individual may reach sexual maturity in seven months under 
optimum conditions, but probably in nature the time is more nearly 
one year. 

6. Body weight approximately doubles between moults (increases 
1.8 times). Body length and most other linear measurements increase 
about 22 per cent between moults. 
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7. Because of their discontinuous growth, such characteristics as 
length of head or meta-thoracic tibia or width of the pronotum are good 
indices of developmental stage. 

8. The logarithmic equation: log W=a+bt-+c log t, in general 
fits the growth curves plotted from data collected in this study. 

9. Dietary deficiency delayed or stopped moulting. 

10. Roaches raised aseptically grew slowly and were under-size. 
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A SYNOPSIS OF THE GENUS EDROTES 
(Coleoptera: Tenebrionidae) 


IRA LA RIVERS, 


University of California, 
Berkeley, Calif. 


In 1824, Thomas Say described a small, black, rotund, hirsute, 
flightless ground tenebrionid from the eastern foothills of the Colorado 
Rockies as Pimelia rotunda, a genus which, as now defined, is excluded 
from the Western Hemisphere. Twenty-eight years later, Dr. J. L. 
Le Conte described ventricosus from southern California and erected the 
genus Edrotes to include both species. In 1890, Col. Thomas L. Casey 
began work on the genus and named nitidus and globosus from southern 
California and Colorado, respectively; the former related to Le Conte’s 
ventricosus, the latter to Say’s rotundus. Seventeen years later, Casey 
added orbus, angusticollis and longipennis from ventricosus stock, and 
inflatus, puncticeps, intermixtus, oblongulus, lineatus, subaequalis and 
angustulus from rotundus stock. In 1923, the late Dr. Frank E. Blais- 
dell described mexicanus and asperatus, of ventricosus stock, from Baja, 
California. The following year Casey, apparently having just received 
four more specimens from the West, applied to them the names lati- 
collis, longicornis and variipilis—all of ventricosus stock. In 1943, Dr. 
Blaisdell added desertus, of rotundus stock, from Baja California. 

Recent examination of considerable material in the genus indicates 
these names to be synonyms of Say’s and Le Conte’s species; in the 
case of Casey’s names, it is quite obivous that individual variations 
alone were being described. The status of desertus is discussed under 
rotundus. I am indebted to Drs. Edwin C. Van Dyke and Edward S. 
Ross for allowing me to examine specimens in the collection of the 
California Academy of Sciences, largely from the incorporated Blaisdell 
collection, and to Kenneth S. Hagen and William F. Barr for the use of 
records from their collections. 


Subfamily Tentyriinae 
Tribe Edrotini 


Genus Edrotes Le Conte 


Pimelia, Say, 1824, Jour. Acad. Nat. Sci. Phila. 3: 251-252. 

Pimelia, Le Conte, 1851, Ann. Lyc. Nat. Hist. N. Y. 5: 140-141; 1859, Smiths. 
Contrib. to Knowl., p. 44. 

Pimelia, Lacordaire, 1859, Hist. Nat. Ins. Coleop. os 174-176. 

Edrotes Le Conte 1851, o- Lyc. Nat. Hist. N. Y. 5: 140-141; 1859, Smiths. Con- 
trib. to Knowl., p. 44 

Edrotes, Thomson, 1859, Arcana Naturae, pl. 12, 

Edrotes, Horn, 1870, Trans. Amer. Phil. Soc., N 6 ‘14: 257; 1894, Proc. Calif. 
Acad. Sci. 2nd Series 4: 345-346. 

Edrotes, Le Conte & Horn, 1883, Smiths. Misc. Coll. 507: 361. 

Edrotes, Casey, 1890, Ann. N. Y. Acad. Sci. 5: 174-176, 502; 1907, Proc. Wash. 
Acad. Sci. 9: 450-457; 1924, Mem. Coleop. 11: 300-301. 

Edrotes, Blaisdell, 1892, Zoe 3(2): 102; 1923, Proc. Calif. Acad. Sci. 12(12): 241-242; 
1943, Proc. Calif. Acad. Sci. 24(7): 212-213. 

Edrotes, Champion, 1892, Biol. Cent.-Amer. Coleop. 4(1): 477. 
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Edrotes, Fall, 1901, Occas. Papers Calif. Acad. Sci. 8: 161. 

Edrotes, Van Dyke, 1919, Ann. Ent. Soc. Amer. 12(1): 9. 

Edrotes, Sherman, 1929, Jour. N. Y. Ent. Soc. 37(3): 207, 268. 

Edrotes, Bradley, 1930, Man. Gen. Beetles, p. 178. 

Edrotes, Moore, 1937, Occas. Papers San Diego Soc. Nat. Hist. 2: 68. 

Edrotes, Knowlton, 1939, Utah Agric. Exper. Sta. Mimeog. Ser. (Tech. ) 200(3): 13. 


Le Conte’s original generic description, reproduced here because of 
its general unavailability, is: 


“‘Edrotes.! 

“*Clypeus trilobatus, lobo medii angusta, apice subemarginato, lateralibus obtusis; 
mandibulae supra dente forti armatae: oculi rotundati; sterna arcte conjuncta; scu- 
tellum nullam. 

“Corpus inflatum, thorace brevissimo, angulis porrectis, epipleuris maximis, 
coxis posticis modice distantibus. Hoc ponenda est Pimelia rotunda Say. J. 
Ac. 3, 251.” 

The genus may be modernly characterized as follows: 

General form globose, rotund, highly convex, densely clothed (unless 
rubbed in old specimens) with white-to-yellow pubescence of two types: 
(a) (subgenus Edrotes) long, more-or-less erect flying hairs interspersed 
with shorter more-or-less erect hairs, all varying from white to golden- 
yellow (often arranged in longitudinal series in E. ventricosus); (b) 
(subgenus Odrotes) short, flattened, appressed, scale-like hairs, widest in 
medial portion of each hair, all pointing anteriad on head, posteriad on 
elytra, and golden-yellow in color. Dorsum roughened variously: (a) 
(E. rotundus) roughly, coarsely and shallowly impunctate, intervening 
plane surfaces dull—in some specimens, the dorsal condition becomes 
almost tuberculate due to an increase in conspicuousness of the domed 
plane surfaces intervening between the roughened impunctations; 
(b) (E. ventricosus) minutely and sparsely beset with fine tubercles, each 
placed before a hair socket—surface otherwise smooth and glistening; 
(c) (E. arens) thickly beset with well-sized rounded tubercles, each 
arising anteriad of a hair socket, the intervening plane surface smooth, 
moderately shiny. Total length longer than wide. Head large, man- 
dibles with a short, blunt tooth arising in medial portion and when 
closed, clasping the labrum; supra-antennal shelf projecting anteriad of 
antennal insertion. Antennae inserted adjacent to the anterior margin 
of the small eyes; 11-segmented, the terminal segments forming a weak 
club; 3rd segment the longest, subequal to 4th and 5th segments com- 
bined (E. ventricosus and E. arens) or shorter than same (E. rotundus) ; 
at least the terminal five antennal segments conspicuously furred with 
golden-yellow pile (E. ventricosus and E. arens) or with less than five 
terminal segments so furred (E. rotundus). Pronotum strongly trans- 
verse, much wider than long, the anterior angles projected as sharp, 
spinous processes. Elytra wider than long (Odrotes) to longer than wide 
(Edrotes), markedly clasping body beneath; scutellum obsolete. Ven- 
trum roughened and hirsute, with no long flying hairs, marked with 


1“Genus hocce sequentibus cum duobus familiam parvam inter Pimeliarias 
clypei forma valde distinctam constitit, diagnosi sequente definitam: clypeus 
trilobatus, mentum magnum, fissura buccalis nulla; oculi superciliati; antennae 
ll-articulatae, tenues, articulo 3i° longiore; articulo ultimo haud minore: pedes 
tenues tibiis filiformibus. Affines videntur Epiphisa, Capnisa, Pterocoma, 
Prionotheca, et Trachyderma."’ 
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large, circular, rimmed pits, complete or open caudad; epipleura ter- 
minating abruptly considerably caudad of lateral metacoxal angles 
(Odrotes) or varying from nearly attaining the angles to extending much 
anteriad of them (Edrotes). Legs long, hirsute; terminal inner meta- 
tibial spur as long as first metatarsal segment (Odrotes) or shorter 
(Edrotes). A supplementary generic diagnosus may be found in Casey 
(1907). The genotype is Edrotes ventricosus, as designated by 
Casey (1907). 

The genus is distributed from the eastern face of the Rocky Moun- 
tains to the desert regions of the Pacific coast in southern California; 
southward into Baja California and northern Mexico, where its boun- 
daries are indefinite, as they are to the north. I have specimens from 
northern Nevada and southern Idaho, and it undoubtedly occurs in 
eastern Oregon and possibly as far north as eastern Washington; the 
tolerances of Edrotes seem to correspond generally with those of the 
subgenus Sphaeriontis of Eusattus, which I have from the arid sand 
country around Pasco, Washington. Its limits in the vicinity of 
Wyoming-Montana are unknown to me. Leng catalog ranges cover 
only the southern portions of its distribution in the United States. 

Edrotes is an habitué of the Creosote-Shadscale-Sagebrush belts 
(Larrea-Atriplex- Artemisia: the so-called ‘Sonoran Zone’’), and is often 
quite common in arenaceous areas; my largest series have come, without 
exception, from sand dunes and sanded areas. 

The following key will differentiate the valid forms: 


1. Dorsal vestiture of short, appressed, scale-like hairs, each hair widest in the 


middle, tapering proximad and distad.......... Odrotes arens subg. et. sp. nov. 
Vestiture of long, slim, flying hairs interspersed with shorter hairs (subg. 
ae MGia sa onn Gu sited sn sie de BOK aay daha wes ex raecchn's hee Se 2 
2. Dorsum smooth with minute but distinct, sparse tuberculations; 3rd antennal 
segment subequal to 4th and 5th combined.................... ventricosus 
Dorsum rough, coarsely impunctate, dull; 3rd antennal segment distinctly 
shorter than 4th and Gtk: COMMDEMGd. .... occ ccc ccc ccsccccccccces rotundus 


Subgenus Odrotes subg. nov. 
Edrotes arens sp. nov. 


General morphology as described for the genus; body globose, rufous, 
thickly-clothed with short, flattened, appressed scale-like hairs which 
render the integumental details indistinct; a few slightly longer bristles 
of the same character adorn elytral sides, but there is nothing in the 
vestiture resembling the long, thin flying hairs of the subgenus Edrotes; 
vestiture golden-white, free tips pointing caudad on elytra, cephalad on 
head, and occupying an intermediate condition on the pronotum where, 
by whorling, the caudad and cephalad conditions merge without break; 
bristles pointing centrad on pronotal sides. Elytral pitting obsolescent, 
but tuberculations much larger and heavier, when capable of being seen 
through the dense vestiture, than in the subgenus Edrotes; elytra dis- 
tinctly wider than long, whereas the opposite conditions prevail for 
other members of the genus. 

ARIzONA: Yuma County (Yuma sand dunes 8/V1/37, el. 150 ft.— 
LaR). Three specimens, holotype (sex undetermined) and two para- 
types in my collection. 
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This very distinctive species is as yet known only from the type 
locality, and may not be much more widely distributed, since consid- 
erable material of other species in the genus has already been collected 
from Arizona generally, as attested by Arizona references in the liter- 
ature as well as the several species Casey described from there. The late 
discovery of arens is contributory evidence of its probable local distribu- 
tion; future extensions of range will probably come from northern 
Mexico, a little-explored area entomologically. As the genus is now 
constituted, arens is the most distinctive of its three species. Nothing 
is known of the species’ biology except that the three individuals known 
were taken on a sand dune. 


Subgenus Edrotes Le Conte 


Edrotes ventricosus Le Conte 


. ventricosus Le Conte 1851, Ann. Lyc. Nat. Hist. N. Y. 5: 141. 

. ventricosus, Thomson, 1859, Arcana Naturae, pl. 12, fig. 8. 

ventricosus, Horn, 1870, Trans. Amer. Phil. Soc., N. S., 14: 257; 1894, Proc. 

Calid. Acad. Sci. 2nd Series 4: 345-346. 

. ventricosus, Ulke, 1875, Wheeler’s 100th Merid. Rept., Zodlogy 5: 823. 

. ventricosus, Le Conte & Horn, 1883, Smiths. Misc. Coll. 507: 361. 

. ventricosus, Casey, 1890, Ann. N. Y. Acad. Sci. 5: 175—(E. nitidus Csy, ibid p. 
175); 1907, Proc. Wash. Acad. Sci. 9: 451—(E. orbus Csy, ibid pp. 451-452; 
E. angusticollis a ibid p. 452; E. longipennis Csy, ibid pp. 452-453); 1924, 
Mem. Coleop. 11: 300-301—(E. J/aticollis Csy, ibid p. 300; E. longicornis Csy, 
ibid pp. 300-301; E. varitpilis Csy, ibid p. 301). 

E. ventricosus, Blaisdell, 1892, Zoe 3(2): 102; (1923, Proc. Calif. Acad. Sci. 12(12), 
E. mexicanus Blais. p. 241; E. asperatus Blais. pp. 241-242); 1943, Proc. Calif. 
Acad. Sci. 24(7): 312, 

E. ventricosus, Fall, 1901, Occas. Papers Calif. Acad. Sci. 8: 161—(E. nitidus Csy, 
ibid p. 161). 

E. ventricosus, Sherman, 1929, Jour. N. Y. Ent. Soc. 37(3): 207, 268. 

Edrotes ventricosus, Moore, 1937, Occas. Papers San Diego Soc. Nat. Hist. 2: 68— 

(E. longicornis Csy, ibid p. 68). 


SYNONYMY: 


nitidus Casey 1890, Ann. N. Y. Acad. Sci 5: 175; 1907, Proc. Wash. Acad. Sci. 
9: 452—Fall, 1901, Occas. Papers Calif. Acad. Sci. 8: 161. 

. orbus Casey 1907, Proc. Wash. Acad. Sci. 9: 451-452. 

. angusticollis Casey 1907, ibid p. 452. 

. longipennis Casey 1907, ibid pp. 452-453. 

. mexicanus Blaisdell 1923, Proc. Calif. Acad. Sci. 12(12): 241. 

. asperatus Blaisdell 1923, ibid pp. 241-242. 

. laticollis Casey 1924, Mem. Coleop. 11: 300. 

. longicornis Casey 1924, ibid pp. 300-301. 

. varupilis Casey 1924, ibid p. 301. 


ttt bs 
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Le Conte’s original description is: 


“1. ventricosus, niger nitidus, pilis longissimis albidis versus latera lanugino- 
sus, capite thoraceque impunctatis, hoc versus latera rugis paucis elevatis notato, 
elytris parce subtiliter punctatis, punctis versus marginem muricatis, pedibus 
longe pilosis. Long. .41. Habitat in desertis Colorado.”’ 


In size, the species varies from 6.4 mm. to 10.0 mm. long, and from 
4.4 mm. to 6.7 mm. wide. 

I can specify the following records: California Academy of Sciences 
material is designated CAS—specimens noted as collected by William’ 
F. Barr and Kenneth S. Hagen are parts of their respective collections. 
Unless otherwise specified, the remainder are in my collection. 
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ARIZONA: Four specimens labelled simple “Arizona” (E. orbus) 
(CAS); Maricopa County (Tempe, R. Ecker—E. orbus) (CAS); Pima 
County (Tucson, H. F. Wickham—E. orbus) (CAS); 26/III/12, J. R. 
Slevin) (CAS); Yavapai County (Prescott 2/V1/37, el. 5400 ft.—LaR 
(E. orbus)); Yuma County (Ehrenberg 15/11/39, el. 300 ft.—F. H. 
Parker; San Luis 16/V1/40, el. 100 ft.—W. F. Barr; Wellton 5-6/V/18, 
J. C. Bradley (CAS); Yuma 21-29/X/11, el. 150 ft.—J. R. Slevin 
(CAS); 12-18/III/12, J. R. Slevin (CAS)). 

CALIFORNIA: Imperial County (Holtville 3/IV/24, el. sea level 
(CAS); La Puerta 8/X1/09, X/25 (CAS); Palo Verde 17/VIII/46, el. 
250 ft.—W. F. Barr; Salton Sea 22/11/17, el. 200 ft. below sea level.— 
J. O. Martin; 9/1/36 (CAS)); Inyo County (Death Valley 19/1V/26, 
J. D. Gander (CAS); Furnace Creek (Death Valley)3/ IV/39, el. 150 
ft. below sea level—W. F. Barr; Shoshone, G. D. Hanna (CAS)); Kern 
County (Inyokern 14/III/41, el. 2350 ft—T. H. G. Aitken (CAS); 
Randsburg 5/1V/27, el. 2500 ft—T. Craig (CAS)); Los Angeles County 
(Antelope Valley 19/II/26 (CAS)); Riverside County (Coachella 
22/1X/31,—A. Williamson (CAS); Hidden Springs 12/I11/27—T. 
Craig (CAS); Indio I1/90—Wright (CAS); Palm Springs 26/1V/07, 
(CAS)); San Bernardino County (Barstow 20/X/35, el. 2150 ft.—E. G. 
Linsley (CAS); Needles 27/X1/21, 17/XII/21, 10/III/22, el. 500 ft.— 
J. A. Kusche (CAS); 1/IX/41, E. G. Linsley (CAS); Victorville 22/V/25 
(CAS); Yermo 1/V/41, el. 2050 ft.—W. F. Barr); Ventura County 
(Oxnard 6/XI/12, el. 50 ft—J. Anthony). 

IpaHo: Gooding County (Bliss 1/VI/29). 

Mexico: Angeles Bay (Gulf of California 7/V/21, E. P. Van Duzee; 
(E. asperatus) (CAS); Guaymas 7-13/IV/21, E. P. Van Duzee (E. 
mexicanus) (CAS); San Marcus Island (Gulf of California) 12/V/21, 
E. P. Van Duzee (E. mexicanus) (CAS); San Pedro Bay (Gulf of Cal- 
ifornia) 7/VII/21, E. P. Van Duzee (E. mexicanus) (CAS); Tapoca Bay 
(Gulf of California) 25/IV/21, E. P. Van Duzee (E. mexicanus) (CAS). 


NeEvaDA: Churchill County (Rawhide Sands 26-28/VIII/46, el. 
4200 ft.—LaR; Sand Spring 5/VII/41, el. 4500 ft.—LaR & Christen- 
sen; 30/VII/46,—LaR); Clark County (Boulder City 6/V1/31, el. 2500 
ft.—S. F. Light (CAS)); Humboldt County (Paradise Valley dunes (near 
Winnemucca) 18/VI/41, el. 4800 ft—LaR & Christensen; 31/VII/46— 
LaR); Lyon County (Mason 28/VIII/46, el. 5600 ft—LaR); Mineral 
County (Thorne dune 7/VII/41, el. 4600 ft—LaR & Christensen; 
5/IX/46—LaR & Gibson); Nye County (Beatty 20/1/40, el. 3400 ft.— 
LaR; Beatty dunes (18 mi. S. of Beatty) 21/1/40, el. 3000 ft.—LaR); 
Pershing County. (Old Mill (E. side of Winnemucca Sink, on W. side 
Nightingale Mts.) 22/VII/46, el. 4100 ft—LaR); Washoe County 
(Pyramid Lake dunes 24/VIII/41, 1/1X/41, el. 3850 ft.—LaR & Tre- 
lease; Truckee Meadows (Reno) 9/X1/39, 17/III/40, el. 4500 ft —LaR; 
Wadsworth 16/VIII/39, el. 4100 ft.—LaR; Washoe Lake 22/V1/40, el. 
4500 ft—LaR & Mahoney). 

The total recorded distribution of E. ventricosus includes southern 
California, Nevada, southern Idaho, southwestern Utah, western Ari- 
zona, and portions of extreme northwestern Mexico. The northern 
limits are unknown, but it probably extends up the Great Basin into 
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portions of Oregon. In Arizona (Pima County), Utah (Skull Valley) 
and northern Mexico, it meets elements of E. rotundus, the latter 
occupying the eastern portion of the genus’ range, and E. ventricosus 
the western. The line of meeting of the two species in the Colorado 
Plateau country of eastern Utah—western Colorado is incompletely— 
known. Both species occupy an area totally enclosing, so far as known, 
the limited range of E. arens. 

I have examined the types of Blaisdell’s E. mexicanus and E. asper- 
atus in the California Academy of Science collection and find them con- 
specific with E. ventricosus. E. mexicanus was described from Guaymas 
and E. asperatus from Angeles Bay, Gulf of California. In 1894, 
George Horn published a list of the Coleoptera of Baja California and 
wrote: 

‘“‘Edrotes ventricosus Lec. This species is very variable, and has 
recently been divided into forms which have received new names. I 
have already called attention to the fact that the same species develop- 
ing at different seasons will have a very different aspect. Those 
developing in the hot and dry season will be shining, and if pubescent 
or hairy, will remain so but a short time, while the specimens of the 
colder or wet seasons will be opaque and retain their pubescence or hair 
longer. . . . One of the specimens of Edrotes before me has the surface 
dull and coated with a dirty white efflorescence. In species of other 
genera observed in nature by myself this seems dependent on seasonal 
influences also. 


‘‘Edrotes ventricosus occurs probably along the entire eastern side 
of the peninsula, but specimens have been sent from San Jose del 
Cabo only.” 

Ulke (1875) has the notation: 

“‘Edrotes ventricosus, Lec.” from ‘‘California,”’ taken in ‘‘1871,” by 
“FP. Bischoff.” 

E. A. Schwarz, in a letter dated Dec. 9, 1896 (Sherman 1929), com- 
mented regarding material which Hubbard collected in Arizona: 

“The ‘little hairy globular Tenebrionid’ must be an Edrates’’ 
(Edrotes) ‘‘but the small species E. rotundatus”’ (E. rotundus) “‘is known 
only from Colorado and Wyoming whereas the species known from 
Arizona, E. ventricosus cannot be called ‘small.’ It is as big as a potato 
beetle.” 

In another reply to Hubbard, dated Mar. 22, 1897, regarding 
material Hubbard recently sent him from the vicinity of Palm Springs, 
California: 

“The series of Edrotes is very interesting and quite puzzling; the 
two smallest specimens came close to E. rotundatus’” (E. rotundus) 
“Say from Colorado and Wyoming, while the larger specimens are 
intermediate between E. ventricosus Lec. and E. ustidus Casey” (E. 
nitidus). ‘‘I think the whole is only one species extremely variable in 
size, punctuation and nature of pubescence.” 

In 1901, Fall listed Edrotes veniricosus from southern California: 

‘“‘E. ventricosus is not uncommon on the Colorado Desert; I have 
taken it under stones at Palm Springs, on the western border of the 
desert, in April. With typical specimens of ventricosus occurred others 
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of duller surface lustre, with coarser punctuation and pubescence less 
evidently condensed in lines along the elytra; these Dr. Horn considered 
as mere varieties of ventricosus, and if his opinion is well founded prob- 
ably nitidus, described from the Mojave Desert, should be similarly 
disposed of.” 

Moore’s (1937) notation on the species is merely ‘“Taken from dung 
in the desert from spring to fall.” 

What little I know of Edrotes biology applies to ventricosus. My 
specimens have all been taken on sand dunes or sanded areas, and 
appear quite early in the spring and are among the last to disappear 
when winter weather sets in. My earliest Reno record is March 17, at 
which time the weather is too inclement generally for most insects—my 
latest record is November 9, long after most insects have disappeared. 
This seems to indicate overwintering of the adults who respond to 
occasional warm days to search for food. Farther south, in the vicinity 
of Beatty, Nevada, they are active the year around as shown by large 
series taken in January. The immediate environs in which I took 
them here in greatest abundance were sanded beaches along the Amar- 
gosa River, which in winter has some water in it until it reaches the 
flats south of Beatty. Common associates were Eleodes armata 
Le Conte 1851, Eleodes immunis Le Conte 1858 and Eusattus dilatatus 
Le Conte 1851. 

About Reno, the immediate environment of E. ventricosus is some- 
what less rigorous than its usual desert habitat, my most prolific col- 
lecting spot being a sagebrush—rabbitbrush association (Artemisia- 
Chrysothamnus) bordering a vigorous stand of saltgrass (Distichlis 
spicata); the adjacent bottomland, once Truckee River swamps and 
marshes, is now under cultivation. The ground is somewhat sandy, and 
the spot is well populated with Cicindela tranquebarica borealis, Harris 
1911, C. t. kirbyi Le Conte 1866, C. plutonica leachi Cazier 1936, C. 
oregona Le Conte 1857, Eleodes nigrina Le Conte 1858, E. pilosa Horn 
1870, E. hirsuta Le Conte 1861, Coniontis lariversi Blaisdell 1941, Helops 
opacus Le Conte 1859, Calosoma zimmermanni Le Conte 1849 and 
Blapstinus crassicornis Casey 1890. At nearby Pyramid Lake, more 
typical desert arenaceous conditions prevailed, and predominant asso- 
ciated species included Cryptoglossa verrucosa Le Conte 1851, Eleodes 
armata striatipennis Blaisdell 1942, Trogloderus costatus nevadus La 
Rivers 1942, Ceuthophilus fossor Hubbell 1936, Ammobaenetes lariversi 
Strohecker 1944, and Niptus ventriculus Le Conte 1859. 


Edrotes ventricosus seem strict herbivores, and I have found them 
feeding on saltgrass (Distichlis spicata) brome grass (Bromus tectorum), 
Russian thistle’ Salsola kali tenuifolia and wild onion (Allium sp.). 
Like most tenebrionids, their well-developed scent seems to make them 
undesirable as animal food, and I have never noticed them in the 
abundant pellets of the burrowing owl (Speotyto cunicularia hypugaea) 
or the droppings of the coyote (Canis latrans lestes), animals common to 
the area and pronounced insectivores during portions of the year. 

Size decreases markedly in the northern reaches of the species’ 
distribution, specimens from Reno averaging only slightly more than 
half the size of extreme southern Nevada and Arizona material. Series 
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from sand dunes usually show varying loss of pilosity, probably due to 
the abrasive effect of the sand. 


Edrotes rotundus (Say) 


Pimelia rotunda Say 1824, Jour. Acad. Nat. Sci. Pihla. 3: 251-252. 

P. rotunda, Le Conte, 1851, Ann. Lyc. Nat. Hist. N. Y. 5: 141. 

Edrotes rotundus, Le Conte, 1859, Smiths. Contrib. to Knowl., p. 44 

E. rotundus, Horn, 1870, Trans. Amer. Phil. Soc., N. S., 14: 257. 

E. rotundus, Le Conte & Horn, 1883, Smiths. Misc. Coll. 507: 361. 

E. rotundus, Casey, 1890, Ann. N. Y. Acad. Sci. 5: 175 (misspelled rotundatus in the 
key), 502—(E. globosus Csy, ibid pp. 175, 502); 1907, Proc. Wash. Acad. Sci. 
9: 453—(E. globosus Csy, ibid p. 454; E. inflatus Csy, ibid p. 454; E. puncticeps 
Csy, ibid p. 454; E. intermixtus Csy, ibid p. 455; E. oblongulus Csy, ibid p. 455; 
E. lineatus Csy, ibid pp. 455-456; E. subaequalis Csy, ibid p. 456; E. angustulus 
Csy, ibid p. 456). 

. rotundus, Sherman, 1929, Jour. N. Y. Ent. Soc. 37(3): 207, 268. 

. rotundus, Knowlton, 1939, Utah Agric. Exper. Sta. Mimeo. Ser. (Tech.) 200 
(3): 18. 

E. rotundus, Blaisdell, 1943, Proc. Calif. Acad. Sci. 24(7): 212-213—(E. desertus 

Blais, ibid pp. 212-213). 

SYNONYMY: 

. globosus Casey 1890, Ann. N. Y. Acad. Sci. 5: 175-176, 502; 1907, Proc. Wash. 
Acad. Sci. 9: 454. 

. inflatus Casey 1907, Proc. Wash. Acad. Sci. 9: 454. 

. puncticeps Casey 1907, ibid p. 454. 

. ntermixtus Casey 1907, ibid p. 455. 

. oblongulus Casey 1907, ibid p. 455. 

. lineatus Casey 1907, ibid pp. 455-456. 

. subaequalis Casey 1907, ibid p. 456. 

. angustulus Casey 1907, ibid p. 456. 

. desertus Blaisdell 1943, Proc. Calif. Acad. Sci. 24(7): 212-213. 
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Say’s difficult-to-obtain original description of E. rotundus and some 
of his pertinent observations are repeated here: 
““PIMELIA Lat. 


“P. rotunda.—Black, with a few white hairs; anterior thoracic angles prom- 
inent, acute. 

“Inhabits Arkansa. 

‘‘Body rounded, black, immaculate, with numerous white hairs arising from 
excavated punctures: head, anterior termination truncate, and much narrowed by 
the concavity of the lateral edge; over the insertion of the antennae, a prominent 
acute angle: antennae blackish-piceous; second, fourth, fifth, and sixth joints, 
equal; third slightly longer, obconic-cylindric; remaining joints more ovate, two 
or three terminal ones rather larger, the last acute at tip: palpi dark piceous, ter- 
minal joint truncate at tip: thorax very short and wide; anterior angles prominent, 
acute; punctures of the lateral margin much dilated, excavated, confluent; those of 
the disk smaller and distinct; lateral edge rectilinear: elytra with profound, exca- 
cated punctures at base, and smaller and less indented ones towards the tip. 

‘‘Length less than one-fourth of an inch. 

“This species we observed only within the distance of a hundred miles from 
the Rocky Mountains. In the form of the body it very closely resembles Olivier’s 
figure of his P. inaflta, the P. flavicollis of Fabricius. This new species I believe 
be the first of this genus that has yet been found on this continent.’’ 


In size, the species varies from 5.4 mm. to 7.5 mm. long, and 3.6 
m. to 4.8 mm. wide. 
I have seen specimens of E. rotundus from the following localities: 


ARIZONA: Cochise County (‘‘Benson’”’ (CAS) (E. lineatus)); Pima 
County (Fort Grant 26/VIII/33.—Bryant (CAS) (E. intermixtus)); 
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Santa Cruz County (Sonoita 3/VIII/24.—E. P. Van Duzee (CAS) 
(E. intermixtus)). 

CoLorapbo: Denver County (Denver.—Bock (CAS)); Otero County 
(Manzanola 25/III/33.—J. L. Hoerner (CAS); Weld County (Greeley 
16/VIII/39.—C. L. Jensen (LaR col.). 

New Mexico: Colfax County (Koehler (CAS)); Santa Fe County 
(Santa Fe (CAS)); Socorro County (Magdalena 8/VI/40.—T. S. Sloan 
(LaR col.); San Marcial 22/V1/21.—C. D. Duncan (CAS)). 

TEXAS: El Paso County (E/ Paso 2/V1/40. —T. S. Sloan (LaR col.); 
Jeff Davis County (Davis Mountains 9/VII/21.—C. D. Duncan (CAS)); 
Presidio County (Valentine 1/V/27.—J. O. Martin (CAS)). 

The range of E. rotundus includes Colorado, western Texas, New 
Mexico, portions of Utah (Tooele County (Delle (Skull Valley) VIII/33, 
el. 4300 ft.—G. F. Knowlton)) (Knowlton 1939), at least eastern Ari- 
zona, northern Mexico and Baja California. It probably extends 
north at least to Wyoming, but I know nothing of its possible occurrence 
in the Colorado Plateau country between the southern Rockies and Great 
Basin, where it probably meets E. ventricosus. The vicinity of Pima 
County, Arizona, is one of the known points of contact between the two. 

Since Casey’s types are unavailable except to on-the-spot workers, 
I have found it necessary to utilize Blaisdell-determined material in the 
California Academy collection (which I hold in as much esteem as 
Casey-determined specimens) and material I have managed to accu- 
mulate from as many localities as Casey specifically mentions, and which 
I regard as topotypic. These include Colorado (Greeley), New Mexico 
(Magdalena), Arizona (Benson) and western Texas. Since nothing 
that does not perfectly fit Casey’s description of E. angustulus has 
been seen from Texas, there is no need of a more definite locality to be 
specified in considering such material topotypic. 

It is quite obvious, after seeing the extensive series examined during 
the course of this study, that the component units of the genus Edrotes 
are widely variable, and it is not to be wondered that Casey compounded 
sO many species, possessing, as he did, only short series from widely- 
scattered localities. While there are important details of distribution 
still to be pressed for solution, there is enough material on hand to 
definitely iron out the synonymy, which, for so small a genus, had 
become quite cumbersome. Dr. Blaisdell’s E. desertus is superficially a 
separable population in that the tendency toward lowered convexity of 
the lateral elytral outlines, as viewed dorsad, seems constant in the San 
Ignacio area of Baja California from which the type series came; such 
tendency results in individuals with distinctly more parallel-sidedness 
than is usual for the genus; however, it differs in no other respects from 
typical E. rotundus, and the fact that such loss of convexity is not 
uncommon in a typical series of the latter renders the character invalid. 
Desertus represents merely a biotypic segregation of a minor variation. 

As mentioned, members of Edrotes are representative of a natural 
group in a state of flux. Should one or more areas in its present distri- 
bution become isolated for geologic periods, Edrotes stock there, with 
its profuse variability potential, could no doubt produce distinctive 
species—such groups as this, and the similarly variable Trogloderus, 
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undoubtedly represent major sources from which come extensive 
specific and generic differentiation after geologic times of great stress 
and physiographic change. 

As regards the relationships of Edrotes, E. ventricosus and E. rotundus 
are obviously much more closely-related to each other than to E. arens, 
which latter is unique in its possession of flattened, sword-shaped, 
almost scale-like hairs differing profoundly from the long-haired ves- 
titure of the subgenus Edrotes. However, as brought out in the 
diagnosus compositus, arens and ventricosus share certain characters of 
antennal structure and dorsal tuberculation not found in rotundus, 
characters which probably are more indicative of what the prototypic 
Edrotes looked like than of definite affinities among members of the 
genus as it is now constituted. Any deep search for lineal connexions 
would demand close scrutiny of southern South American genera as 
well as analyses of related Central American forms. In the United 
States, Edrotes stands isolated and alone. 
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THE ROCKEFELLER FOUNDATION, A REVIEW FOR 1946, by RaymMonp B. 
Fospick. New York. 


Dr. Fosdick reveals in this report that the appropriation of $19,481,576 repre- 
sents an increase of $8,000,000 over 1945. It includes $7,500,000 granted to the 
General Education Board. 

Aside from the indirect value of these expenditures to all of us as citizens of a 
world struggling for harmony, the continued support of work against mosquitoes 
as vectors of malaria and yellow fever is directly interesting to entomologists. 
The activities of the German army in Italy resulted in a serious setback to the 
control of malaria, as had happened three times before as a result of war. Amer- 
ican efforts this time, thanks to modern methods and the availability of DDT, 
have been important in quickly reducing the danger from malaria to a negligible 
point. 

The Foundation has also supported vigorous research on the problem of yellow 
fever and its vectors in Africa, although here the study is far more a problem of 
investigation and the abatement of danger to man cannot yet be expected. 

One can easily imagine that a survey of the appropriations for support of bio- 
logical projects will bring up some questions in the mind of any reader partic- 
ularly if he struggles with no financial backing whatever to make his own small 
contribution to scientific knowledge. But the evaluation of thousands of applica- 
tions must be a difficult task, and the devotion of $2,510,140 during the year to 
biological investigation deserves the gratitude of all biologists. 

As is always true, the work of the Foundation as revealed by Dr. Fosdick’s 
annual review is an enlightening example of the philanthropic enterprises of the 
United States of America. To the reviewer it is also among the strongest proofs 
of the value of free, individual enterprise as it has developed in our land. 


—A. W. L. 











CLASSIFICATION OF THE CRYPHOCRICINAE 
(Hemiptera: Naucoridae) 


ROBERT L. USINGER, 
University of California, Berkeley 


The subfamily Cryphocricinae as now restricted (Usinger, 1941) 
consists of the single genus Cryphocricos Signoret (1850). Cryphocricos 
is one of the least known and most unique genera of water bugs. Less 
than a dozen specimens were recorded in the literature from 1850 to 
1941 and nothing at all was published concerning the biological or 
morphological peculiarities of the group until that time. 


HISTORY 

The original description and figures of Cryphocricos barozzii (Sig- 
noret, 1850) were based upon a single brachypterous male from Brazil. 
Mayr (1868) recorded the first female and emended the generic name 
to Cryphocricus. 

Stal (1876) in his masterful classification of the Naucoridae did not 
assign ‘‘Cryptocricus” (another emendation for Cryphocricos) or Ambry- 
sus to a ‘‘division” because, as stated in a footnote, ‘““Exemplus hujus 
generis (Cryptocricus), quod vidi unicum, maxime mutilum.”’ The 
damaged specimen to which Stal referred was from Brazil and was 
considered to be Signoret’s species. 

The fourth reference to the genus is contained in Montandon’s 
revision of the ‘‘Cryptocricinae”’ (Montandon, 1897a). I have shown 
elsewhere (Usinger, 1938) that Montandon was dealing with a poly- 
phyletic group including genera from New Guinea and Madagascar 
which belong in the Cheirochelinae. I have also shown (Usinger, 1941) 
that Montandon was in error in placing ‘“‘Cryptocricus” and Ambrysus 
in the same subfamily. In the above mentioned paper Montandon did 
give a useful redescription of Signoret’s type which he borrowed from 
the K. K. Hofmuseum in Vienna. Unfortunately he introduced a 
confusing error at this time, recording Signoret’s type specimen from 
Chile. In the same year (1897b) Montandon described an entirely 
different insect, macrocephalus, in ‘‘Cryphocricus.’’ This has since been 
made the type of a new genus, Cataractocoris, in the subfamily Ambry- 
sinae (Usinger, 1941). 

In 1911, Montandon described the first macropterous Cryphocricos, 
e. g. breddini, from Ecuador. This was a radical extension of the 
generic concept. It is interesting to note that the affinities of this 
specimen were recognized by Breddin whose label, “Cryphocricus 
barozzii Sign. macroptera,’’ was quoted by Montandon. 

Nothing further was published on Cryphocricos until De Carlo (1931) 
recorded a brachypterous specimen (as barozzii) from Argentina. Later 
De Carlo (1940) made the Argentine specimen the type of a new species, 
daguerrei, and described two additional species, peruvianus, based upon 
a unique male from Peru, and rufus, based upon a male and female from 
Brazil. All of these specimens were brachypterous. The descriptions 
were supplemented by very useful line drawings in a later paper (De 
Carlo, 1941). 
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SOURCES OF PRESENT MATERIAL 

Since 1930, large collections of Cryphocricinae have been accumu- 
lated by Dr. H. B. Hungerford at the University of Kansas and by me 
at the California Academy of Sciences and the University of California. 
Hundreds of brachypterous specimens and twenty-three macropterous 
specimens are now available from twelve different localities in Brazil, 
Ecuador, Colombia, Peru, Panama, Costa Rica, Mexico and Texas. I 
am particularly indebted to Dr. Hungerford for the loan of his entire 
collection of these insects. My own collecting of Cryphocricos was 
done in 1933 near the village of Temascaltepec, State of Mexico. Many 
nymphs and brachypterous and macropterous adults were taken, thus 
providing ample material for systematic and morphological studies. 


MORPHOLOGY 


Cryphocricos exhibits certain morphologcial peculiarities which have 
a bearing on its systematic position. The following discussion of the 
more obvious external structures which distinguish these bugs from the 
Ambrysinae is quoted from Usinger (1941): 

‘“These insects are dimorphic, much as in the old-world subfamily 
Aphelocheirinae, the brachypterous form being commonest and differ- 
ing so completely from macropterous forms, particularly as regards 
thoracic development, that the two would be placed in separate genera 
by a person unfamiliar with the group. Also as in the case of the 
Aphelocheirinae (which are among the very few adult aquatic insects 
able to survive indefinitely without direct contact with the surface) 
and doubtless as a consequence of their brachypterous condition some 
special means of respiration is necessary. This follows because the 
cavity between the folded hemelytra and wings and the dorsal surface 
of the abdomen is normally used by Naucorids as an air reservoir, the 
air being admitted by parting the hemelytra from the tip of the abdo- 
men and breaking through the surface film at this point. The air may 
then be changed as needed via a protected notch on either side of the 
base of the abdomen to the abdominal venter where it is seen character- 
istically as a silvery film covering the under surface of the body. This 
film is maintained by a dense coating of hydrofuge hairs and Ege (1915) 
has shown that, due to the difference in rates of diffusion of oxygen and 
nitrogen and to the fact that oxygen is constantly being used up in the 
insect’s air film, this film may actually serve as a breathing mechanism 
extracting dissolved oxygen from surrounding water. Now the 
brachypterous forms of both the Cryphocricinae and the Aphelocheir- 
inae lack the hemelytral covering so necessary in obtaining the original 
air supply from the surface and also lack the dense coat of hydrofuge 
hairs so necessary in maintaining the ventral air film. Hence the 
special spiracular structures of the Aphelocheirinae described in detail 
by Szabo-Patay (1924) have been developed as a means of extracting 
dissolved oxygen from the water. The Cryphocricinae possess still 
different spiracular structures which need to be studied both biologically 
and histologically with fresh material.”’ 

The biological and histological studies mentioned above still remain 
to be done. However, some light may be shed on the subject as a 
result of studies made by clearing dried specimens with KOH. Also, 
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nymphs collected in alcohol were available for dissection. From this 
material, the following facts were ascertained: 

1. The spiracles which open on the apodeme between the meta- 
thorax and the first abdominal segment are dorsal in Cryphocricos 
adults. This corresponds to the situation in most other water bugs and 
is in contrast to the condition found in A phelocheirus (Larsen, 1938). 

2. The ‘‘disk-like plates” mentioned by me (1941) as “‘spiracular 
structures’? are not directly connected with main branches of the 
tracheal system. The tracheae branch off of main tracheal trunks, 
much as in Nepa cinerea Linn. (Maulik, 1916), but they are attached to 
the body wall and open through spiracles at some distance from the 
‘disk-like plates.’”’ These plates occur laterally on ventral segments 
two (first visible) to seven, the plates of the second segment being the 
largest. Similar organs occur on the second segment only of A phelo- 
cheirus (Larsen, 1938) and on the third, fourth and fifth segments of 
Nepa cinerea Linn. (Baunacke, 1912) and Ranatra linearis Linn. (Lar- 
sen, 1938). Baunacke, in particular, has made detailed histological 
sections of these structures and gives beautiful illustrations of their 
structure. 

These structures have been variously termed ‘‘sieve plates,” ‘‘static 
sense organs”’ (Baunacke, 1912), and ‘‘abdominal sense organs” (Ham- 
ilton, 1931). According to Hamilton, ‘‘The organs apparently function 
as hydrostats in keeping the animal oriented in the right direction by 
the pressure of water... .”’ This summation of the probable function 
of the organs represents the now generally accepted view. Certainly 
the sensory nature of the organs is clearly established. The hydrostatic 
theory, however, should be re-examined in the light of present knowledge 
of the occurrence of the organs in the Nepidae, Aphelocheirinae, and 
Cryphocricinae. These groups of water bugs differ from others in only 
one feature, e. g., they do not carry atmospheric air with them as a 
silvery bubble on the abdominal venter. The-structures occur only in 
the adults and Maulik (1916) points out that adult Nepids need to 
spend prolonged periods of time without direct contact with the surface 
in connection with reproductive activities. 

It is well known that A phelocheirus, by virtue of its ‘‘spiracular 
rosettes,” can remain beneath the surface for extended periods of time, 
extracting dissolved oxygen from the well-areated waters in which it 
lives. Cryphocricos has no such spiracular rosettes but it is commonly 
brachypterous like A phelocheirus and lacks ventral pubescence as in 
A phelocheirus. I did not experiment with Cryphocricos specimens to 
see how long they could remain under water, but I did collect all of my 
specimens in rushing cataracts and in the swiftest flowing portions of 
streams where oxygen would be most abundant. Therefore it might 
be well to investigate the possible relationship of the abdominal sense 
organs to. the ability of the bugs to detect the presence of dissolved 
oxygen and thus orient themselves in the water so as to be exposed to 
maximum concentrations of Oy. 

3. The male genital capsule of Cryphocricos is similar to that of 
Ambrysus in general shape and in development of parameres but the 
aedeagus has a very long coiled flagellum. In a bug whose entire body 
was 8 mm. long, the uncoiled flagellum measured 17 mm. 


9 66 
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4. Cryphocricos nymphs possess a pair of well developed abdominal 
scent glands with openings widely separated on the hind margin of the 
third abdominal tergite. These openings are also present in the adults 
but glands were not detected in adults. Similar openings were observed 
in other Naucoridae. 


TAXONOMY 


Cryphocricos specimens exhibit relatively few characters which are 
useful to the taxonomist. The coloration is rather uniform, the male 
genitalia are quite similar throughout and such differences as are seen 
in the female genital plates are quite variable. As in some other 
Naucorid groups, each species has a distinctive facies but the differences 
are illusive or difficult to describe, e. g. degree of convexity or curvature 
of pronotal or other margins. In Cryphocricos the situation is further 
complicated by dimorphism. 

De Carlo (1940) was the first to develop a ‘‘species concept” in 
Cryphocricos. He not only employed such useful characters as size, 
curvature of pronotal and hemlytral margins, and curvature of con- 
nexival margins, but he also laid down a diagrammatic pattern by which 
these characters could be shown. I have reproduced his figures below 
and have given comparable diagrams of the males of my new species. 
I have found that relative length of scutellum vs. hemelytral commissure, 
relative width of embolium vs. total width of hemelytron, and size and 
acuteness of the posterior connexival angles are useful specific characters. 

Unfortunately, most of the characters mentioned above are useful 
for brachypterous specimens only. The form of the postero-lateral 
angles of the fifth abdominal segment (males) or sixth segment (females) 
applies equally well to both forms but no other useful characters except 
size have been found. Furthermore, no method is available for asso- 
ciating macropterous specimens with brachypterous specimens of the 
same species except by inference when they are collected at the same 
time and place. Under the circumstances, I have tentatively lumped 
macropterous specimens from Ecuador and Peru together and have 
placed a series of macropterous specimens from Colombia as barozzii 
because no brachypterous specimens were available for confirmation. 

Measurements in this paper are given as proportions, using an eye- 
piece micrometer with 20 units equal to 1 mm. The oculars used were 
9X and the objective was 1X. Total length, measured from tip of 
abdomen to base of labrum, and total width measured across widest 
part of abdomen, are given in mm. Scutellar length is measured from 
the base, not including depression, to apex. This length is often 
compared with length of the hemelytral commissure which is measured 
from the apex of scutellum to level of apices of hemelytra pads. The width 
of embolium as compared with total width of hemelytron is measured 
in one plane with the insect horizontal and the pin vertical. The pro- 
jections on the lateral margins of the pronotum are counted most readily 
as seen at an oblique angle latero-ventrally. The teeth are counted 
regardless of size, although they are not considered after they become so 
small as to be confused with granules near the anterior and humeral 
angles. 
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Subfamily Cryphocricinae (Montandon) 


Cryptocricinae Montandon, 1897, Verh. zool.-bot. Gesell. Wien, 47: 2 (part.). 
Cryphocricinae Champion, 1901, Biol. Centr.-Amer., Rhynch. 2: 354. 
Cryphocricinae Usinger, 1941, Ann. Ent. Soc. Am. ‘ 34: 8. 

Head deeply set in triemarginate anterior margin of pronotum. 
Rostrum short and tapering, inserted anteriorly, the labrum well devel- 
oped, hinging at anterior margin of head. Antennae short, completely 
concealed beneath head. Hemelytra complete and fully formed with 
clavus, embolium and membrane, or rdeuced to truncate pads without 
clavus or membrane. Prosternum completely exposed, not covered by 
propleural plates. Abdominal venter naked, with plate-like abdominal 
sense organs adjacent to the spiracles on abdominal segments II to VII. 

Type Genus: Cryphocricos Signoret. 

This monotypic subfamily is confined to the Sonoran and Neotrop- 
ical regions. Its systematic position is closest to the Ambrysinae. 
However, the exposed prosternum, abdominal sense organs, naked 
venter, and dimorphism set the Cryphocricinae apart from all other 
Naucorids. 


Genus Cryphocricos Signoret! 
Cryphocricos Signoret, 1850, Rev. Mag. Zool. (2) 2: 290, pl. 4, fig. 10. 
Cryphocricos Usinger, 1941, Ann. Ent. Soc. Amer. 34: 5, fig. 1. 
Cryphocricus Mayr, 1868, Reise Freg. Novara, Zool. II, Abt. 1, B. Hem. p. 182. 
Cryphocricus Champion, 1901, Biol. Centr.-Amer. Rhynch. 2: 354. 
Cryptocricus Stal, 1876, Enum. Hemipt. 5: 141. 
Cryptocricus Montandon, 1897, Verh. zool.-bot. Gesell. Wien, 47: 6. 

Oblong-oval to quite parallel-sided. Very flat beneath and mod- 
erately elevated above. Surface dull, granular above. 

Head small, less than half as wide as pronotum behind. Anterior 
margin extending well beyond eyes, its sides subparallel, truncate at 
apex. Subgenal plates prominent, extending beyond apex of head. 
Labrum conspicuous, rounded at its apex. Gula tectiform. Eyes 
prominent, subglobular. Antennae with second segment longer than 
third. Proportion of segments 5 :5 :2 : 10. 

Pronotum widened posteriorly, sides rounded to subrectilinear, sub- 
depressed, crenulate or dentate. Disk finely impressed longitudinally, 
with a distinct transverse impression posteriorly. Postero-lateral angles 
rounded, projecting posteriorly over bases of hemelytra. 

Hemelytra usually abbreviated, covering only the first and part of 
the second visible abdominal segments, with embolium distinct but 
without clavus or membrane. Hemelytral commissure in brachypter- 
ous specimens brief, not longer than scutellum. Macropterous specimens 
with clavus, embolium and membrane distinct, the embolium strongly 
depressed along inner margin. Wings absent in brachypterous spec- 
imens, well developed in macropterous specimens. 

Abdomen with connexival angles not or scarcely produced, little more 
than right angles, the fourth segment in the male and the fifth and sixth 


1Signoret gave the Greek roots and French translation of this name. There 
is one typographical error in the Greek and the poy acceptable ‘‘Crypho’”’ 
was used in the translation ee of ‘‘Crypto.”’ fortunately, the Greek ending 


“‘os’’ was not changed to ‘ ’ when the word was Latinized but the Latinization 
of such endings is only a shnuemmamliahiate. Under the circumstances, the original 
orthography is maintained. 
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segments in the female briefly to distinctly produced. Male with the 
fourth visible segment above strongly produced over genital segment. 

Male genital segments freely rotatory on a central axis, asymmet- 
rical, the seventh tergite with a dorso-laterally directed tapering spine 
on the right side extending from inner margin over half the distance to 
outer margin. Seventh ventrite well developed, broadly roundly 
emarginate at apical margin, leaving about half of the genital capsule 
exposed. Genital capsule broad, subrectangular, the apical plate 
dorsally nearly square, narrowly rounded at posterior angles and feebly 
bisinuate along anterior margin. Parameres very short, suboval. 
Aedeagus with phallosome narrowed at base, expanded apically, with a 
coiled flagellum 17 mm. long. 

Female genital segments symmetrical, the seventh sternite shal- 
lowly concave or biemarginate at apex. Gonapophyses all long, slender, 
finger-like, the ventral pair thickest, straight and parallel, the middle 
pair tapering and converging apically, the lateral pair very slender, 
sinuous. 

Front tarsi one-segmented and bearing a single claw. Intermediate 
and hind tarsi three-segmented, bearing two claws. 

Genotype: Cryphocricos barozzii Signoret. 

KEY TO THE SPECIES OF CRYPHOCRICOS 


A. Brachypterous Specimens 


1. Postero-lateral angles of fourth (co) or fifth and sixth (9) abdominal seg- 
ments not at,all or scarcely produced, obtuse or rounded. North and 


Pe UN ss, Oo wiaaiwns o2 >< ke pease cen +e sae Sue K EROS 2 
Postero-lateral angles of fourth (o”) or fifth and sixth (9) abdominal seg- 

ments briefly but acutely produced. South American species.............. 5 

2. Size small, less than 74% mm. long. Panama, Costa Rica.................00. 3 

Size larger, over 744 mm. Mexico and Texas................ ccc ee ee eeeees 4 


3. Body much less than half as wide across abdomen as long, 46: : 112. Com- 
missure of hemelytra shorter than scutellum, 16 ::22. Length less than 


RE RN 8. iis SEaee ha KAMA ® suk ake ORO EN obscuratus 
Body nearly half as wide across abdomen as long, 56: : 115. Commissure of 
hemelytra subequal to scutellum. Length over 7 mm. Costa Rica..... latus 


4. Hemelytra short, the distance from apex of scutellum to apices of hemelytra 
about half the length of scutellum. Embolium narrow, about one-tenth 
the total width of hemelytron. Size 8 to8’4gmm...../........... mexicanus 

Hemelytra longer, nearly as long from apex of sc aon as total length of 
scutellum. Embolium wider, one-seventh the total width of hemelytron. 


on ek ere re ie ee hungerfordi 
5. Lateral margins of second and third abdominal segments each slightly arcu- 
Oe ES ee ee ee eee Tee eer er: daguerrei 
Lateral margins of second and third abdominal segments following evenly 
Ee re ee rn eer ee ar 6 
6. Apical margins of hemelytra straight, rather abruptly rounded laterally....... 7 
Apical margins of -hemelytra arcuate, broadly rounded laterally............. 8 
Fe I I, I ok ise bos vv er awtvne seed oeee'esounead barozzii 
ume emmrer, Bees Wier TO GER. PTUs. 5 ciis sve cccc con ccncncacces peruvianus 
8. Body over half as wide as long, 33: :60. Brazil..................0eeeee rufus 
Body not or scarcely half as wide as long. Peru, Ecuador........... breddini 


B. Macropterous Specimens 


1. Postero-lateral angles of fourth (o’) or fifth and sixth (9) abdominal seg- 
ments not at all or scarcely produced, obtuse or rounded. North American 
sa) oh in aso aac e Nae ae FASS ORE Mo gS BEARS Bis Geet SAO UTN AT AGO) KOT 2 
Postero-lateral angles of fourth (o’) or fifth and sixth (9) abdominal seg- 
ments briefly but acutely produced. South American species............. 3 
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2. Postero-lateral angles of fourth (<) or fifth and sixth (9) abdominal seg- 
ments scarcely produced, obtuse at apices. Length over 10 mm.. . hungerfordi 
Postero-lateral angles of fourth (<”) or fifth and sixth (9?) ahdominal seg- 


ments little more than right angles. Length less than 10 mm..... mexicanus 
S lems eel TE ak COMI idk cc kere titdeN sc cane sencedeouees barozzii 
Leneth Joes than. 31 mum. Bounded, Pets... osc ccciievicesdvevnsess breddini 


Cryphocricos mexicanus, new species 


Body over twice as long as broad, 165 : 80; surface without white 
incrustation, the dorsal surface of head and abdomen much more finely 
granulate than thorax and hemelytra. 

Head a little broader, eyes included, than long on median line, 
18 :: 15, extending twice as far behind the eyes as in front of them. 
Interocular space rather convex, at narrowest point less than twice as 





Fic. 1. Cryphocricos mexicanus,n. sp. A. Ventral view, female, 
diagrammatic. B. Dorsal view, macropterous female. 


broad as transverse width of an eye, at widest point just behind eyes 
well over twice as broad as an eye, extending scarcely more than one-half 
the transverse diameter of an eye beyond the eyes. Sides of anteocular 
portion slightly converging anteriorly, the anterior margin truncate. 
Brachypterous form. Pronotum equal to length of head on median 
line, over twice as broad posteriorly as long, 37 ::15. Antero-lateral 
angles right angles at point of contact with eyes, then briefly extending 
transversely and thence strongly rounded; sides strongly divergent 
posteriorly, subrectilinear on middle three-fifths, rounded at posterior 
fifth, and convergent behind this; postero-lateral angles strongly 
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roundly produced behind posterior margin, the posterior margin straight 
and depressed before base of scutellum. Side margins coarsely cren- 
ulate posteriorly, becoming progressively more finely serrate anteriorly 
with about 27 rounded projections on either side. 

Scutellum very strongly, transversely impressed at base, not quite 
twice as broad as long, much longer than hemelytral commissure, 
zi 3530: 

Hemelytra very short, reaching only to base of second visible abdom- 
inal segment, about as long as broad at their truncate apices, the sides 
rather evenly arcuate, subparallel on posterior half. Embolium 
one-tenth the total width of hemelytron. 

Color ferrugineous, the middle and hind legs paler, fulvous, the 
pronotum, scutellum, and dorsal part of the abdomen sometimes 
darker, piceo-ferrugineous. The eyes black. 

Size: male, length 7.93 mm., width 3.92 mm.; female, length 8.58 
mm., width 4 mm. 

Macropterous form. Pronotum longer than head on median line 
161% ::14, over twice as broad as long 42 ::1644. Lateral margin, 
briefly angulate at point of contact with eyes, then briefly transversely 
directed after which they are strongly rounded and thence strongly 
divergent and rectilinear to posterior angles. These latter rounded 
laterally, perfectly straight along posterior margin of the moderately 
extended prolongation over base of clavus. Posterior margin feebly 
arcuate over base of scutellum. Sides coarsely crenulate throughout 
their length; disk with a very obscure, ill-defined depression at the 
middle on either side. A faint depression anteriorly at middle. Scu- 
tellum much broader than long, 31 ::19, with a sinuate transverse 
impression at middle of base and an oblique, slightly elevated smooth 
vitta at each basal angle. Hemelytra complete, reaching almost to 
tip of abdomen; claval commissure little more than half as long as 
scutellum, emboliar margins briefly rounded basally, then rectilinear 
and parallel to just before apices where they are evenly rounded to 
point of joining with corial margins, forming a concave angle. Corial 
margin narrowly extending almost to apex of hemelytron, enclosing the 
basal two-thirds of the membrane which is clearly differentiated from 
apical margin of corium. Connexivum narrowly extending beyond 
level of emboliar margin, exposed, the postero-lateral angles blunt right 
angles. Front femora more than twice as long as broad, 30 :: 14. 

Color grayish-fuscous to black with a ferrugineous admixture. Front 
legs and middle of head ferrugineous, the eyes, scutellum, and mem- 
brane black, the lateral margin of the corium apically dark brown to 
black. Under side mostly light brown to ferrugineous. Middle and 
hind legs with femora fuscous, the tibiae and tarsi paler. Spiracular 
plates testaceous. 

Size: male, length 8.08 mm., width (abdomen) 3.92 mm.; female, 
length 10 mm., width (abdomen) 4.83 mm. 

The female differs from the male, aside from genitalic characters, in 
that the lateral margins of the pronotum are imperceptibly sinuate at 
about the posterior third, and the emboliar margins are distinctly 
sinuate at middle, being slightly divergent posteriorly. The median 
genital plate is distinctly biemarginate apically. 
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Holotype, brachypterous male, No. 5684, Calif. Acad. Sci., Ent. and 
allotype, brachypterous female, No. 5685, Calif. Acad. Sci. ,Ent., and 
a long series of brachypterous paratypes, Temascaltepec, District of 
Temascaltepec, Mexico, July 11, 1933 (H. E. Hinton and R. L. 
Usinger). These specimens were taken in a small rushing stream amidst 
small pebbles and rocks. They were collected by holding the net 
downstream and turning over the rocks, brushing the rock surfaces to 
dislodge specimens which clung to them. One hundred and forty 
specimens were taken along approximately two hundred yards of the 
stream. Nymphs occurred with the adults. All adults were 
brachypterous. 

One male and three female macropterous specimens were taken 30 
miles distant and 2000 feet lower at Tejupilco, District of Temascal- 
tepec, Mexico, June 18 and 21, 1933 (H. E. Hinton and R. L. Usinger). 
These were taken in riffles of a swift flowing stream also. They agree 
in general with the brachypterous type series but have not been included 
in the paratype series because of the possibility that they may pertain 
to another species. 

Mexicanus differs from barozzii in its smaller size, shorter anteocular 
portion of the head, shorter hemelytral commissure, and blunt apical 
connexival angles. 


Cryphocricos hungerfordi, new species 


Brachypterous male.—Elongate, suboval, attenuated anteriorly, over 
half as wide across abdomen as long, 89 :: 173, the entire dorsal surface 
covered with a fine white incrustation. Relatively strongly convex 
above. 

Head wider across eyes than long, 31 :: 25, inserted over twice as 
far into pronotum behind eyes as length in front of eyes to base of 
labrum, 9 ::4. Interocular space at narrowest point twice as wide as 
an eye, 15 ::7. Labrum two-thirds as long as broad, 17 :: 23, rounded 
apically. Antennae reaching outer margins of eyes, the proportion of 
segments one to four as 6 :6 :2:15. 

Pronotum slightly longer than head on median line, 28 :: 25, less 
than two and one-half times as wide as long, 66 ::28. Lateral margins 
relatively finely crenulate throughout, with about 19 rounded projec- 
tions on each side. 

Scutellum less than twice as broad as long, 46 :: 28, and longer than 
hemelytral commissure, 28 ::22. Hemelytral margins nearly straight 
at middle, narrowly rounded basally and broadly rounded apically, but 
with apical margins only slightly arcuate. Embolium one-ninth the 
total width of hemelytron, 5 ::45. Connexival angles of fourth abdom- 
inal segment very briefly, bluntly, angulately produced. Genital seg- 
ments only briefly projecting beyond fourth abdominal tergite. 

Front femora slightly wider than length of head, 27 :: 25. 

Color brownish ferrugineous throughout except for the fulvous mid- 
dle and hind legs, the color somewhat obscured by the white incrustation. 

Brachypterous female——Very similar to the male except for its size. 
Median genital plate shallowly biemarginate at apex. 

Macropterous male.—Very similar to mexicanus except for its slightly 
larger size, more strongly convex upper surface, faint white incrustation, 
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and more distinctly angulately produced connexival angles of fourth 
visible abdominal segment. 

Pronotum distinctly longer than head on median line, 34 :: 27, less 
than two and one-half times as wide as long, 82 :: 34, the humeral angles 
well developed, the lateral margins nearly straight, faintly curved 
anteriorly and more abruptly so just before eyes. Lateral margins 
very crenulate except near humeri, with approximately 19 rounded 
projections on each side. 

Scutellum very large, convex, less than twice as wide as long, 60 :: 37. 

Hemelytra complete, exceeding tip of fourth abdominal tergite; 
commissure of clavus less than half as long as scutellum, 15 :: 37. 
Emboliar suture straight, embolium strongly depressed, its lateral 
margin rounded at base, feebly concave and slightly divergent pos- 
teriorly, rounded to costal margin at apex, the hemelytral margins well 
within the connexival margins behind embolia. 

Macropterous female.—Similar to the macropterous male except for 
genitalic differences in which it resembles the brachypterous female. 

Size: Brachypterous male, length 8.7 mm., width (abdomen) 4.4 
mm. Brachypterous female, length 10.2 mm., width (abdomen) 5.3 
mm. Macropterous male, length 9.8 mm., width (abdomen) 4.8 mm. 
Macropterous female, length 10.75 mm., width (abdomen) 5.35 mm. 

Holotype, brachypterous male, allotype, brachypterous female, and 
paratypes as follows: three brachypterous males, four brachypterous 
females, three macropterous males and four macropterous females, 
Tantoyuca, Vera Cruz, Mexico, May 5, 1930 (Creaser-Gordon). These 
specimens were sent from the collection of the University of Kansas 
through the kindness of Dr. H. B. Hungerford, to whom the species is 
dedicated. The types have been returned to the University of Kansas. 

A single brachypterous female from Concan, Texas, July 6, 1936 
(M. B. Jackson) (University of Kansas) apparently belongs here, 
though it has not been included in the paratype series. This is the 
first Cryphocricos to be recorded from the United States. It agrees 
structurally with typical hungerfordi but the surface is less incrustate. 

Hungerfordi is closest to mexicanus, both structurally and geograph- 
ically. It differs from mexicanus in its larger size, more strongly 
angulately produced posterolateral angles of fourth visible abdominal 
segment, slightly wider embolium in brachypterous forms, longer 
hemelytral commissure in brachypterous forms, and white incrustation. 


Cryphocricos obscuratus, new species 


Brachypterous male.—A small, elongate oval species. A little more 
than twice as long as broad, 131 ::64. Surface rather uniformly 
moderately coarsely granulate throughout. 

Head transverse, 14 ::12, the anteocular portion with sides par- 
allel, apical margin truncate, extending beyond the eyes for a distance 
equal to one-half the transverse width of an eye, less than half as long 
as postocular portion; antennal proportions, 5:5:2:10. Surface of 
head moderately convex. Pronotum two and one-half times as broad 
at base as long on median line, equal in length to head on median line. 
Lateral margins arcuate throughout, more strongly so anteriorly and 
posteriorly, coarsely crenulate, especially at middle, with about twelve 
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rounded projections on each side. Postero-lateral angles evenly 
rounded, only slightly produced behind level of posterior margin. 
Scutellum almost twice as broad as long, deeply transversely depressed 
at base, distinctly longer than hemelytral commissure, 22 :: 16. Hem- 


Fic. 2. A. Cryphocricos obscuratus, n. sp., male, Panama. B. Cryphocricos latus, 
n. sp., male, Costa Rica. C. Cryphocricos mexicanus, n. sp., male, Mexico. 
D. Cryphocricos hungerfordi, n. sp., female, Texas. E. Cryphocricos hunger- 
fordi, n. sp., male, Mexico. 





elytra covering base of second abdominal segment, sub-truncate at 
apices, the emboliar margin strongly rounded at base and apex, sub- 
rectilinear at middle. Embolium one-eighth as wide as total width of 
hemelytron, 4 ::32. Connexival angles right angles. Dorsal surface 
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of abdomen posteriorly conspicuously transversely wrinkled. Front 
femora robust, about as wide as length of head. 

Color obscured by a white incrustation. The ground color evi- 
dently brownish-ferrugineous to black with the anterior tibiae and 
under side more clearly ferrugineous. 

Brachypterous female with median genital plate narrowly emar- 
ginate at middle, appearing as a small notch. 

Size: male, length 6.53 mm., width (abdomen) 3.08 mm.; female, 
length 6.5 mm., width (abdomen) 3.25 mm. 

Holotype, male. No. 5686, Calif. Acad. Sci., Ent., 6 miles east of 
Porto Bello, Panama, XX Plantation, February 15, 1930 (T. O. 
Zschokke). Allotype, No. 5687, Calif. Acad. Sci., Ent., and one male 
paratype, same data as type. One nymph relatively broad with well 
developed hemelytral pads and pronotum. 

Several solvents were tried in an attempt to remove the white 
incrustation which obscures the color of these specimens. None of 
these was effective so a little of the material was removed from one 
specimen by scraping. A dark ferrugineous color was revealed beneath. 

This species is the smallest known thus far. It differs from barozzii 
Sign. and breddini Montd. in the shorter anteocular portion of the head 
and small size. From mexicanus n. sp. it differs in its smaller size, 
darker color and rounded lateral margins of the pronotum which are 
more coarsely crenulate. The postero-lateral angles are less strongly 
produced posteriorly, the disk of the pronotum is without apparent 
depressions at the middle and the front femora are shorter and stouter. 


Cryphocricos latus, new species 


Brachypterous male——Elongate-oval, twice as long as_ broad, 
150 ::74, the surface granulate-incrustate, with finer granules on 
abdomen than elsewhere. 

Head distinctly wider across eyes than long to base of labrum, 
30 :: 22, inserted twice as far into pronotum behind eyes as length in 
front of eyes, 8 ::4; interocular space at narrowest point half again as 
wide as an eye, 12 ::8. Labrum two-thirds as long as broad, 15 :: 23, 
rounded at apex. Antennae reaching to outer margins of eyes, proportion 
of segments one to four as 5 :5 :2 : 10. 

Pronotum slightly longer than head on median line, 25 ::22, two 
and one-half times as wide as long, 62 ::25. Lateral margins rather 
coarsely crenulate at middle, more finely so anteriorly, with about 16 
rounded projections on each side. 

Scutellum over twice as broad as long, 43 :: 20, subequal in length 
to hemelytral commissure, 20 ::19. Hemelytra feebly arcuate lat- 
erally, abruptly rounded at outer apex, slightly curved along apical 
margins. Embolium one-seventh as wide as total width of hemelytron, 
5 ::36. Connexival angles of fourth abdominal segment abruptly 
right-angled. Genital segments scarcely projecting beyond fourth 
abdominal tergite. 

Under surface relatively flat. Front femora slightly wider than 
length of head, 23 :: 22. 

Color black above but coated with a white incrustation through 
which the black granules project; under surface and appendages tinged 
with reddish brown, the tarsi fulvous and antennae testaceous. 








— 
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Brachypterous female very similar to the male. Median genital 
plate shallowly, simply emarginate at apex. 

Size: male, length 6144 mm., width (abdomen) 3.7 mm.; female, length 
8.1 mm.; width (abdomen) 4.1 mm. 

Holotype, male, allotype, female, and three male and seven female 
paratypes, San Isidro del Gen., Costa Rica, C. A., 2000 feet, February, 
1939 (Dean L. Rounds). The holotype and allotype are in the collection 
of the University of Kansas, paratypes in the University of Kansas and 
in the collection of the author. 

Latus is closest to obscuratus in all characters, differing from it and 
other Cryphocricos as indicated in the key. Latus and obscuratus 
together form a distinctive group of small size, dark color, and heavy 
incrustation and occur in the adjacent countries, Costa Rica and Pan- 
ama. Although all the specimens at hand are brachypterous, two 
nymphs show the well developed hemelytral pads and fully formed 
pronotum suggestive of the macropterous form. 


a B Cc 


Fic. 3. (After De Carlo.) A. Cryphocricos daguerrei De Carlo, male, Argentina. 
B. Cryphocricos peruvianus De Carlo, male, Peru. C. Cryphocricos rufus 
De Carlo, male, Brazil. 


Cryphocricos breddini Montandon 
Cryphocricus breddini Montandon, 1911, Bull. Soc. Sci. Bucarest, 20: 88. 


Described from a single macropterous specimen, Balzapamba, 
Ecuador. I have a specimen from Ecuador, Nov. 1935 (Wm. Mac- 
Intyre) which agrees in every particular except for the superficial longi- 
tudinal impression on the vertex and shorter anteocular portion of the 
head (unless Montandon included the juga and labrum in his measure- 
ment). Twenty specimens, including four macropterous specimens, 
are at hand (University of Kansas) from Peru, one series from Vic. Rio 
Negro, 790 m., Nov. 4, 1935 (F. Woytkowski) (Field Note 3553 e) and 
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the other series from Vic Sani Beni, 840 m., July-August, 1935 (F. 
Woytkowski) (Field Note 3553 b). There is considerable variation in 
these series, but I cannot distinguish the macropterous specimens from 
the Ecuador specimen. Brachypterous specimens differ from barozzii 
in that the hemelytral pads are broadly rounded at outer apices. Also 
they are considerably smaller. They resemble rufus De Carlo in the 
roundness of outer apices of hemelytra but the body is proportionately 
narrower than in De Carlo’s species. 


Cryphocricos peruvianus De Carlo 


Cryphocricus peruvianus De Carlo, 1940, Rev. Soc. Ent. Argentina, 10: 427. 
Cryphocricus peruvianus De Carlo, 1941, Rev. Soc. Ent. Argentina, 11: 40, fig. 4. 

A brachypterous male and female from Peru, (Juan D. Rivas) Univer- 
sity of Kansas, agree with De Carlo’s description and figure. 


Cryphocricos barozzii Signoret 
Cryphocricos barozzit Signoret, 1850, Rev. Mag. Zool. (2) 2: 290, pl. 4, fig. 10. 


Montandon referred to this species on several occasions as being 
found in Chile and studied a type ‘‘communicated by the administra- 
tion of the K. K. Hofmuseum of Vienna.’”” However, Signoret’s species 
was from ‘“‘Brésil.”” De Carlo recorded the species from Argentina, 
but later described the specimen as a new species, daguerrei. 

I have two males and two females, all brachypterous, from Nova 
Teutonia, Brazil, March 11, 1936 (Fritz Plaumann) which agree in size 
and general coloration with Signoret’s original decription. Unfortu- 
nately, they do not agree in minor details with Signoret’s figures but 
it would appear that these line drawings are somewhat schematic. 
Certainly the sharply right-angled hemelytral pads and long anteocular 
portion of the head are not found in any Cryphocricos known to me. 
Final judgment must be withheld until the type has been re-examined. 

Also tentatively placed here are seven specimens, all macropterous, 
from Colombia, Apolinar Maria, from the University of Kansas collec- 
tion. These are large and relatively broad as in barozzi Sign. but cannot 
be placed accurately without brachypterous specimens. 
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SPECIAL PUBLICATIONS, LINGNAN NATURAL HISTORY SURVEY 
AND MUSEUM.—Twelve papers of this new series, ten of them on insects, were 
published during 1942 and 1943 at Lingnan University, Canton, China. The first 
was in press in Canton at the time of Pearl Harbor, and publication was continued 
without the knowledge of the occupation forces until circumstances forbade. Some 
of the articles were printed in this medium only because the Lingnan Science 
Journal was being published in the U. S., and communications were cut off. Fortu- 
nately, the stocks were not destroyed during the remainder of the war, but since 
the number of copies printed of some issues was limited, those containing descrip- 
tions of new species are being reproduced in the Lingnan Science Journal. The 
three then available, of the four with new species, were reproduced therein in 
1945. The titles follow: No. 1, Destructive long-horned beetle borers at Canton, 
China, 60 pp., 41 figs., J. L. Gressitt; 2, New longicorn beetles from China, VIII, 
6 pp., 5 figs., J. L. Gressitt; 3, ditto, IX, 8 pp., 1 pl., J. L. Gressitt; 4, A provisional 
synopsis of the longicorn beetles of China—Subfamily Cerambycinae, 34 pp., J. L. 

ressitt; 5, New tortoise beetles from China, 4 pp., 4 figs., J. L. Gressitt; 6, Notes 
on beetles of the genus Sagra, 8 pp., 2 pls., W. E. Hoffman; 7, New Longicorn 
beetles from China, X, 10 pp., 1 pl., 2 figs., J. L. Gressitt; 8, A provisional synopsis 
of the longicorn beetles of China, II—Subfamily Lamiinae, 44 pp., J. L. Gressitt; 
9, Bugs or Homoptera: the cicadas, plant hoppers, plant lice, scale insects, and 
others, 20 pp., 30 pls., W. E. Hoffman; 10, A provisional bird calendar for Canton, 
China, 10 pp., J. L. and M. K. Gressitt; 11, Lingnan trees: A list of trees growing 
on Lingnan University campus, 15 pp., W. E. Hoffman (all 1942); and 12, A second 
species of lima bean leaf-feeder, Amsacta lactinea Cr. (Lepidoptera: Arctiidae), 
7 pp., Y. W. Djou (1943). The prices range from U. S. $0.10 to U. S. $0.50 each. 


—J. L. Gressitt. 














ON THE ODD, OR TISSUE-PAPER, BEETLE SUPPOSED 
TO BE THYLODRIAS CONTRACTUS 


(Coleoptera: Dermestidae) 


H. S. BARBER, 


Bureau of Entomology and Plant Quarantine, Agricultural Research 
Administration, United States Department of Agriculture 


This odd scavenger is a minute dermestid beetle breeding annually 
and subsisting only on dried animal matter, in association with man. It 
probably degenerated into its present wingless and almost grublike form 
from a winged, free-living form, and became dependent for survival 
upon constant replenishment of waste animal food about the permanent 
den of some predator, perhaps man, in arid, cool-temperate Asia. It is 
recorded from Tiflis, Transcaucasia 1839, Provinces of Astrakhan and 
Turkestan 1894, New York 1903, Milwaukee 1908, St. Petersburg, 
Russia 1909, Egypt 1921, Canada 1932, Chicago 1933, and Texas and 
Minnesota 1939. It is probably now cosmopolitan but is not so 
recorded, as few observers recognize its inconspicuous adults. Dis- 
crepancies in recorded and actual characters leave its identification as 
Thylodrias contractus still uncertain, but the names /gnotus aenigmaticus 
and Hospitopterus efflatouni have been given to our pest, and the emen- 
dation Thelydrias was proposed to supplant Thylodrias. More than 
40 years’ experience with and interest in this museum pest which now 
infests houses, prompts the following discussion. Adoption of ‘‘tissue- 
paper beetle” as its common name would be unfortunate, since it is 
based on a misconception arising from the finding of stray individuals 
crawling onto this conspicuous background from their actual breeding 
place. Tissue paper seems to be of no importance in its ecology. A 
bibliography is appended. 

Origin.—lIf female degeneracy is so great that eggs can be laid only 
where the female matures, and if dispersal through larval search for 
food is also slow and feeble, distribution and survival must depend on 
agents other than the degenerate species. In very degenerate beetles, 
such as wingless meloids, female stylopids, etc., dispersal is accom- 
plished by specialized instincts and structures for phoresy (transporta- 
tion by other animals) in the first-stage larvae. But a degenerate scav- 
enger, in which the female is a wingless grub unable to place her eggs 
more than a few inches from where her mother matured, would have 
become extinct unless food for successive generations were replenished. 
Such replenishment might have been made by an untidy predator 
leaving wasted food to dry out about its permanent den, thus supplying 
nutrition for the degenerating scavenger over a vast period of time. 
Perhaps the untidy predator, about whose den this pest degenerated, 
was primitive man living in the now arid interior of Asia. Since the 
pest issues as an adult early in spring, even in heated museums, its 
home could not have been tropical. The degenerate scavenger here 
considered first attracted attention in our country in 1902, in New 
York. It has now been spread by shipment of goods throughout the 
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country, to become a pest in museums and later in households, but is 
so seldom recognized that records are not available. Perhaps its recent 
cosmopolitan dispersal in human habitations is merely reoccupation of 
its ancestral association. 

Occurrence; flight—My interest in this beetle has been continuous 
since the late E. A. Schwarz showed me the sample of males when he 
received it from Mrs. A. T. Slosson in 1902. A little later L. H. Joutel 
sent larvae, females, and males from the same infestation. The first 
sign of infestation observed in Washington was the presence of cast 
larval skins in a bird’s nest in the National Museum collection about 
1919. A year or two later a small box of insects received from F. H. 
Chittenden was found to be infested. Other infestations came to notice 
in collections of mollusks and in exhibition cases until by 1928 the 
species had become commonplace in the Museum. Great surprise at 
finding a male with fully developed wings led me to confine him with a 
female freshly emerged from an isolated pupa, and to rear their progeny, 
among which there developed numerous winged males. This expe- 
rience was written to M. Pic, who had just named Hospitopterus from 
Egypt as a new genus differing from Thylodrias only in having well- 
developed underwings. 

The latest severe infestation was brought to me in March 1946. A 
box of papered insects from Russia had remained unopened since it was 
received about 4 years earlier and had reached the climax of its infesta- 
tion. All of the dried animal matter except the wings had been con- 
sumed by larvae of successive annual generations, the last one having 
transformed into adults. Several hundred of these were active and 
many others were dead. Numerous eggs had been laid and many full- 
grown larvae had not yet transformed, but there were no young larvae. 
The sexes seemed about equally numerous, and about one-fifth of all 
the males showed fully developed underwings. One large winged 
male, selected to represent maximum development, ran rapidly over my 
hand, spread its wings, and escaped by swift flight. Another case of 
flight by a male of this species was reported to me by John Bowman in 
Pittsburgh. Record of well-developed underwings, or of ability of 
males of this species to fly, has not been found in the literature. 

These and other experiences demand some disagreement with parts 
of the carefully prepared article on this species by Petrakis, 1939. One 
might guess that his very slight success in his attempted rearings might 
have resulted from his belief that the name ‘‘tissue-paper bug’’—as he 
says—‘‘is a good one, and in all the cultures of specimens used for 
breeding purposes we include a liberal amount of white tissue paper of 
which the specimens seem to be very fond.”” In my own opinion all 
nutriment used by this species is from dried animal matter, and tissue 
paper, if eaten at all, is merely penetrated as a barrier in the search for 
food, or fed upon if the larvae are starving. Characteristic of our late 
friend Wm. T. Davis, and his keen personal interest in his entomological 
friends and their problems, he maintained cultures of this beetle from 
Mrs. Slosson’s original infestation for 33 years, recording this culture in 
1936. Perhaps this culture was from a feeble stock which had lost the 
ability to produce winged males; otherwise he would have observed and 
reported them. 
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Name.—By what name shall we call this pest? IJgnotus has only 9 
joints in the antenna (fig. 1, A, B), as stated by Blanchard (im Slosson 
1903), whereas 11 joints, differing from those of Jgnotus in their shapes, 
are distinctly described and illustrated (fig. 1, C, D) in the carefully 
prepared original proposal of the name Thylodrias by Motschulsky, 
1839. This difficulty cannot be explained away on any technical 
grounds unless restudy of the Motschulsky types from Tiflis permits 
correction of his description and its extension to include also the record 
of the frontal ocellus and other characters. The miscount of 10 joints 
by Blanchard (in Slosson 1908), 5 years after he had correctly stated 
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Fic. 1. Is the ‘‘odd beetle,’’ Ignotus, identical with Thylodrias? A, B. Antennae 
oS of Ignotus aenigmaticus drawn by Arthur D. Cushman. C, D. Antennae 
o' 2 of Thylodrias contractus, enlarged copies from original illustrations by 
Motschulsky, 1839. 


that there were only 9, is obviously based on misunderstanding of the 
very elongate 9th, or terminal joint, which is slightly expanded near the 
middle with a large sensory pore, followed by a constriction resembling 
an articulation as indicated -in the figure. This misinterpretation of 
joint 9 of the male antenna is shown in the figure by Joutel (in Slosson 
1908) and in subsequent figures including that by Hinton 1945. Thylo- 
drias was also originally described and illustrated as showing a scu- 
tellum in the female, whereas no vestige of such a structure is observable 
in Ignotus. Semenov, 1912, describes male antennae as 10-jointed, 
female antennae as only 9-jointed, but does not mention Motschulsky’s 
count of 11 nor the original types which are supposed to be in Moscow. 
But readoption of Ignotus aenigmaticus Slosson, 1903, as the name for 











1947] Barber: The Odd Beetle 347 


our pest would be confusing and only temporary, if the Motschulsky 
types were found by some colleague in Moscow to demand correction of 
the original description of Thylodrias to agree with our pest. Absence 
of any formal description led Semenov, 1912, to cite Ignotus as if it were 
invalid until 1908, but Mrs. Slosson’s quotations from letters by Lie- 
beck, Blanchard, Fall, and Sharp discuss the 9-jointed antennae, 
frontal ocellus, form, appearance, and dermestid affinity, and, in my 
opinion, the name was unintentionally validated in 1903. 

Use of the name Jgnotus was discontinued following the note by 
Zaitzev, 1909, stating that it was without doubt the species which he 
knew as Thelydrias infesting his home in St. Petersburg. 

Pic, 1921, based a new name, Hospitopterus efflatouni, on the male 
from Cairo, Egypt, and in 1931 recorded the female found with males 
infesting a box of mollusks and pheasant eggs, also in Cairo. All the 
recorded characters, including the underwings, which he cited as the 
most important differences from Thlyodrias, are observable in samples 
of Ignotus aenigmaticus obtained in the recent infestation of the Russian 
insects in Washington. A wingless male collected in Heluan, 10 miles 
south of Cairo, in 1894, by A. Fenyes, also agrees with the apterous 
males in this most recent infestation. 

The generic name, Thelydrias Agassiz, 1846, requires consideration. 
Our successors, who will doubtless be predominantly zoologists with 
even less knowledge of classical Greek than is enjoyed by the present 
generation, may have a still stronger aversion to arguments for emenda- 
tion of original spellings of generic names, and especially may oppose 
the attempted back-dating of these emendations to the original publica- 
tion date. The spelling Thylodrias appears three times in the 1839 
paper and was obviously thus spelled to conform with the author’s con- 
cept of the Greek word which was there printed with its meaning. 
Motschulsky’s error in spelling this Greek word can be understood only 
by those whose classical training has given them an unusual knowledge 
of this language, and in spite of attempts to correct this not too obvious 
error zoologists will continue to find the convenient and pronouncable 
name Thylodrias, instead of Thelydrias whenever the basic publication 
is consulted. It appears to me that Article 25 of the Code is law; 
Article 19 permits but does not demand emendation, and appendix F is 
an excellent guide for the formation of new names, but does not require 
emendation of old names. The contention is between those nomen- 
claturists having extensive training in classical Greek and the zool- 
ogists who are worried, not only by the nomenclature and classification 
in published literature, but also by the much more complex data avail- 
able from new specimens and discoveries. 

If a restudy of Motschulsky’s original types can show that his old 
description should be corrected to agree with the structure of J gnotus 
the available names would be as follows: 


Genus Thylodrias Mots., 1839 
Syn.—Thelydrias Agassiz, 1846 
Ignotus Slosson, 1903 
Hospitopterus Pic, 1921 
Species contractus Mots., 1839 
Syn.—aenigmaticus Slosson, 1903 
efflatouni Pic, 1921 
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But if the original description proves to be correct, our household 
pest must be a different form, for which the synonymy would seem to 
be as follows: 


Genus Jgnotus Slosson, 1903 
Syn.—Thelydrias Zaitzev, 1909, not Agassiz, 1846 
Thylodrias Leng, 1920, not Motschulsky, 1839 
Hospitopterus Pic, 1921 
Species aenigmaticus Slosson, 1903 
Syn.—contractus Zaitzev, 1909, not Motschulsky, 1839 
efflatouni Pic, 1921 


Systematic position —Thylodrias was placed by Motschulsky, 1839, 
in the Malachiidae, but Reitter, 1894, transferred it into the Drilidae. 
Reitter’s statement that it lives in the roach Blatta orientalis suggests 
that he may have confused it with the parasitic ripiphorid, Ripidius 
paradoxus. 

The significance of the frontal ocellus was recognized by Sharp (in 
Slosson 1903), assigning Jgnotus to Dermestidae. Pic, 1921, mentions 
this ocellus of Hospitopterus, which differs from Thylodrias only in the 
development of hind wings, but in 1927 he places Pterydrias near 
Thylodrias in the Drilidae. In the Winkler catalogue, 1925-26, 
Thelydrias is inserted at the end of Drilinae and Plerydrias at the end of 
Karumiinae, on page 542, while Thylodrias and Hospitopterus are listed 
in Dermestidae on page 675. Unfortunately all four generic names 
applied to this pest seem to be omitted from the Junk Catalog. The 
description of the North African dermestid genus Sefrania Pic, 1899 
(Bul. Soc. Ent. de France, p. 28), and its figure by Bleuse, 1911 (loc. 
cit., p. 9), show antennal structures and body form suggestive of a 
possible ancestor from which our pest may have degenerated. Perhaps 
the female and larva of Sefrania, when found, may corroborate such 
close relationship. Rees, 1943, accepted Thylodrias as closely related 
to A psectus in the Dermestidae. 


P. S.: Fletcher's pleasing story on ‘‘The Odd Beetle’’ from samples infesting 
the insect collection at the University of Massachusetts appeared while this note 
is in press and mentions small as well as well developed underwings of males. 


BIBLIOGRAPHY 


The history of Thylodrias and Ignotus is from the following publications listed 
chronologically: 
1839. Motschulsky. Bul. Soc. Imp. Nat. Moscow, v. 12, pp. 75-78, pl. 5, figs. 
FI-FVIII. 
1846. Agassiz. Nomenclator Zool., fasc. XI, p. 162. 
1894. Reitter. Bestimmungs-Tab d’Europ. Coleop., No. 29, pp. 3, 7-8. 
1903. Slosson. Canada Ent., v. 35, pp. 183-187. 
1904. Editor. Ent. News, v. 15, p. 36 and cover. 
1908. Slosson. Canad. Ent., v. 40, pp. 213-214. 
1908. Blanchard. Canad. Ent., v. 40, pp. 214-219, pls. 6-7. 
1908. Editor. Canad. Ent. v. 40, p. 255 (authorship correction). 
1909. Zaitzev. Canad. Ent., v. 41, p. 37. 
1909. Semenov. Revue Russe d’Ent., b. 8, p. xxv. 
1909. Zaitzev. Revue Russe d’Ent., v. 8, p. xxv. 
1912. Semenov. Revue Russe d’Ent., v. 12, pp. 497-499. 
1916. Felt. N. Y. State Mus. Bul. 186, p. 88. 
1917. Felt. N.Y. State Mus. Bul. 194, p. 54. 
1920. Leng. Cat. Coleop. Amer. N. of Mexico, p. 189. 
1921. Pic. Soc. Ent. d’Egypte Bul. 1920, p. 54. 








1947] Barber: The Odd Beetle 349 


1925-26. Winkler. Cat. Coleop. reg. palaearc., pt. 5, p. 524; pt. 6, p. 675. 

1927. Mutchler & Weiss, N. J. Dept. Agr. Cir. 108, p. 6, pl. 1. 

1927. Pic. Ent. Nachrichtsbl., v. 1, p. 68. 

1931. Pic. Soc. Roy. Ent. d’Egypte Bul., v. 15, pp. 135-136. 

1932. Twinn. Canad. Ent., v. 64, pp. 163-165. 

1933. Metcalf. Jour. Econ. Ent., v. 26, pp. 509-510. 

1936. Davis. Brooklyn Ent. Soc. Bul., v. 31, p. 222. 

1937. Reinhard. Jour. Econ. Ent., v. 30, p. 372. 

1939. Petrakis. Pests, v. 7, No. 3, p. 7. 

1939. Lepesme and Paulian. Soc. Zool. de France, Bul., v. 64, pp. 159-168. 

1943. Rees. U.S. Dept. Agr. Misc. Pub. 511, pp. 7, 10. 

1945. Hinton. Monograph of Beetles Associated with Stored Products, Brit. 
Mus. Nat. Hist., v. 1, pp. 258-260. 


LADYBEETLES OF THE GENUS EPILACHNA (SENS. LAT.) IN ASIA, 
EUROPE AND AUSTRALIA, by G. H. Dreke. iii 183 pages, 27 plates, 
January 20, 1947, Smithsonian Miscellaneous Collections, Vol. 106, No. 15. 

Evidently the family Coccinellidae is a fertile field for taxonomic work, for 
this revision, like that of Hippodamia also reviewed in this issue, states the need 
for further extensive studies as a prerequisite of a thorough revision. In Epilachna 
the African and American species are said to require detailed study. The author 
also notes that some species had to be left out of this study for lack of material, 
since he has confined himself to material which he could check personally. 

The article is strictly taxonomic, barring occasional biological notes, and as 
such appears to be a very careful and thorough study. Only references to original 
descriptions are cited, but descriptions of morphology, color and pattern, geni- 
talia, distribution, material studied, and discussion of salient characters are ample 
and the numerous illustrations are well drawn and well reproduced. The author 
states that many species of Epilachna resemble each other so closely that a key 
would be of little use. 

The genus Epilachna is retained for forty-eight of the species treated, among 
which twenty-five species and fourteen subspecific forms are described as new. A 
new genus, A/fidenta, is established for three species including one new species and 
one new subspecies. The new genus Afissa includes fifty species, of which twenty- 
seven are new. Two new subspecific forms are also described. Finally a new 
genus, Epiverta is established for a single species, chelonia (Mader). 

The plates are made up of figures of adult maculation and male genitalia with 
the exception of five halftone plates showing figures of female genitalia.—A. W. L. 











UNDESCRIBED SPECIES OF JAPANESE 
CRANE-FLIES 


(Diptera: Tipulidae) 
ParT VI 


CHARLES P. ALEXANDER, 


University of Massachusetts, 
Amherst, Massachusetts 


The preceding part under this title was published in the Annals of 
the Entomological Society of America, 17 :4381-448; 1924. The 
majority of the new species herein considered were included in large 
collections sent to me several years ago by my friend, Professor S. 
Kariya, to whom I express my thanks for the privilege of retaining the 
types. Other sources of materials are mentioned under the individual 
species. 

Genus Limonia Meigen 
Limonia (Discobola) parvispinula n.sp. 


General coloration of mesonotum obscure yellow, the praescutum 
with a single median brown stripe, the posterior sclerites of the notum 
chiefly infuscated; pleural dark stripe only vaguely indicated; halteres 
with the knobs uniformly darkened; blackened rings on femora broad; 
wings with the usual ocelliform pattern and with additional dots and 
spots in the cells, chiefly in M and Cu, but also in other cells; male 
hypopygium with the rostral spines very small and peglike, the margin 
of the dististyle basad of these strongly corrugated. 

Male.—Length, about 7.5 mm.; wing, 7.8 mm. 

Rostrum and palpi black. Antennae with scape black; pedicel 
obscure yellowish brown; flagellum black, the incisures pale, including 
the glabrous apices and the narrower bases of the segments; two outer- 
most segments subequal. Head dark gray, variegated with darker. 

Pronotum obscure yellow, slightly darker on sides. Mesonotal 
praescutum obscure yellow with a single median brown stripe; posterior 
sclerites of notum brown, the dorsal portion of suture between medio- 
tergite and pleurotergite paler. Pleura obscure yellow, with very vague 
indications of a longitudinal pale brown stripe from behind the fore 
coxae across the dorsal pleurites. Halteres with stem yellow, knob 
infuscated throughout. Legs with coxae and trochanters yellow, fore 
coxae a trifle more infuscated; femora yellow, each with a broad black 
subterminal ring, subequal on all legs and exceeding twice the yellow 
apex; tibiae and tarsi yellow, the outer tarsal segments infuscated. 
Wings yellow, with a conspicuous much broken brown pattern, includ- 
ing the usual ocellate markings, with additional abundant brown spots 
and dots along posterior border of cell R, over all of cell M, about seven 
darker spots in an evenly spaced series in cell Cw, and less evident scat- 
tered dots in most cells beyond the cord; veins obscure yellow, brown in 
the patterned fields. Venation: Sc; ending opposite fork of Rs, Sc a 
short distance from its tip; Rs angulated and weakly spurred at origin; 
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cell /st M2 elongate, exceeding vein Mj42 beyond it; m-cu at or shortly 
beyond the fork of M; cell 2nd A narrower than in moiwana, the super- 
numerary crossvein in cell /st A subequal to the distal section of vein 
2nd A. 

Abdominal tergites pale brown, with long erect pale setae; sternites 
clearer yellow; hypopygium brownish yellow. Male hypopygium with 
the tergite transverse, the caudal margin with a broad and shallow 
notch, the lateral lobes relatively small and obtuse, provided with 
elongate setae. Basistyle with the ventromesal lobe very broad-based, 
tapering to the obtuse tip. Dorsal dististyle angularly bent beyond 
midlength. Ventral dististyle small, its area subequal to that of the 
ventromesal lobe of the basistyle; rostral portion conspicuous, unusually 
sclerotized, narrowed to the subacute tip; rostral spines at base of pro- 
longation, very small and peglike; basad of these spines, the outer 
margin of style strongly roughened or corrugated. Gonapophysis with 
mesal-apical lobe long and straight. 

Habitat: Japan (Honshiu). Holotype, o&, Kamikochi, Shinano, 
altitude 5,000 ft., August 18-21, 1934 (Kariya). 

In an early letter from my friend Mr. E. Suenson, a brief account of 
Kamikochi is given.”” The valley between the mountains lies at 5,000 
ft., in places marshy, with a growth of Alnus, Salix and similar water- 
loving forms. Elsewhere the soil is dryer and on the mountain slopes 
grow fine forests of big trees, including large birches, a variety of decid- 
uous trees and conifers, including some fine larch trees.”’ 

The present fly is most similar to Limonia (Discobola) moiwana 
(Alexander) of northern Japan, but differs in many details of coloration 
of the body and wings. In moiwana, the supplementary brown pattern 
is restricted to cell M and the areas in cell Cu, are more extensive and 
only four in number. The male sex of moiwana is still unknown to me. 


Limonia (Libnotes) kariyana n. sp. 


Allied to regalis; general coloration of head and thorax brownish 
gray; antennae black; legs black, only the femoral bases yellow; wings 
pale yellow, heavily patterned with brown; supernumerary crossveins 
in cells R; and R;; free tip of vein Sc, lying more than its own length 
beyond the level of R2; veins R; and R4,; 0n their outer portions deflected 
strongly caudad, ending at or beyond the obtuse wing tip. 

Male.—Length about 15 mm.; wing, 25 mm. 

Rostrum and palpi black. Antennae black throughout; flagellar 
segments oval, the short verticils at near midlength of the segments, 
from evident elevated areas; terminal segment elongate, its distal half 
suddenly narrowed. Head dark brownish gray; anterior vertex reduced 
to a narrow line, approximately one-fourth as wide as the diameter 
of scape. 

Pronotum dark brownish gray, the extreme posterior portions and 
the adjoining part of praescutum obscure yellow. Mesonotum dark 
brownish gray, the praescutum with three confluent darker brown 
stripes that chiefly cover the disk; a darker area near side of praescutum 
behind the pseudosutural foveae; posterior sclerites of notum brownish 
black, sparsely pruinose. Pleura brownish black, sparsely pruinose, the 
pleurotergite and posterior anepisternum a trifle paler. Halteres with 
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stem and apex of knob obscure yellow, the base of the latter weakly 
darkened. Legs with fore coxae and trochanters abruptly yellow, 
remaining coxae brownish black, sparsely pruinose, trochanters obscure 
yellow; remainder of legs black, the femoral bases restrictedly obscure 
yellow, including about the proximal fourth; claws with a major tooth 
at near midlength and a series of about six smaller denticles on proximal 
half; vestiture of femora short and spiniform. Wings with the ground 
color pale yellow, the prearcular, costal and stigmal fields clear butter- 
yellow; a conspicuous brown pattern, appearing as seams to the veins 
and crossveins, most evident along the cord, outer end of cell /st Me 
and over the supernumeraries, reaching the costal border at the free 
tip of Sc; a broad seam along vein Cu; less evident darkenings on parts 
of outer radial and medial veins; wing tip and all of posterior border of 
wing narrowly seamed with brown; veins R and /s¢t A unpatterned, vein 
2nd A again seamed with brown; spots at fork of Sc, R, and free tip of 
Sc, darker brown; veins brownish yellow, darker in the patterned areas, 
somewhat paler in the three more infuscated spots. Costal setae short 
and spiniform; wing tip (male) obtuse. Venation: Sc long, Sc, ending 
nearly opposite the first section of R43, Sc: at its extreme tip; free tip of 
Sc. lying more than its own length beyond R», bent at about a right 
angle into costa; supernumerary crossveins in cells R; and Rs, the latter 
slightly more proximad, the whole series of crossveins and deflections 
forming a secondary cord at near three-fourths the wing length; both 
veins R; and R4,; bent very strongly caudad on their outer portions, 
both terminating at or beyond the wing tip; m-cu about its own length 
beyond the fork of M; vein 2nd A elongate, gently sinuous beyond the 
basal arcuation. 

Basal abdominal tergites brown, vaguely patterned with yellow; 
basal sternites clear yellow, the sides conspicuously dark brown; fifth to 
eighth segments more uniformly blackened to form a broad subterminal 
ring; hypopygium abruptly yellow. 

Habitat: Japan (Honshiu). Holotype, o&, Ontake, Hida, southern 
Alps, altitude 5,850 ft., July 6-10, 1934 (H.‘Ise); through Kariya. 

I take pleasure in naming this species for Professor S. Kariya. This 
striking and beautiful fly needs comparison only with Limonia ( Lib- 
notes) regalis (Edwards), of Formosa. It is well distinguished by the 
coloration, including the almost uniformly darkened head and thorax 
and the blackened legs. This species and the next are almost the largest 
known members of the great genus Limonia Meigen. 


Limonia (Libnotes) ingentissima n. sp. 


Size very large (wing, male, 25 mm.); head and thorax almost uni- 
formly plumbeous gray, the praescutum with three brown stripes, the 
central one broad; halteres elongate, stem yellow, knob dark brown; 
legs yellow, the tips of the femora broadly and abruptly blackened; 
wings obtuse at tip, yellow, restrictedly patterned with brown, the areas 
restricted to the veins; free tip of Sc, about its own length before vein 
R2; cell 1st Mz widened outwardly, m angularly bent at near midlength, 
longer than the basal section of M3; vein 2nd A relatively long, gently 
sinuous beyond the arcuated base; abdominal tergites and sternites 
yellow, trivittate with brown, segments six to eight brownish black; 
hypopygium yellow. 
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Male.—Length about 17 mm.; wing, 25 mm. 

Rostrum and palpi black. Antennae with scape and pedicel light 
brown, the former sparsely pruinose above; flagellum brown; basal 
flagellar segments short-oval, constricted at the incisures, the outer 
segments more elongate; terminal segment long, pointed on distal half; 
longest verticils subequal in length to the segments, unilaterally dis- 
tributed. Head gray, more yellow pollinose on the anterior vertex, the 
latter very narrow, elevated into a ridge between the eyes, continued 
caudad onto the posterior vertex and becoming bifid behind (this condi- 
tion possibly due to drying). 

Pronotum brownish gray. Mesonotal praescutum light gray, with 
three relatively indistinct brown stripes, the median one broad, con- 
stricted at near midlength, behind more expanded and weakly split by 
a ground line; lateral stripes less distinct; posterior sclerites of notum 
more plumbeous gray, the postnotum clear gray pruinose. Pleura 
plumbeous gray; dorsopleural membrane yellow. Halteres elongated, 
stem pale yellow, knob dark brown. Legs with all coxae and tro- 
chanters light yellow; femora yellow, the tips broadly and abruptly 
black, subequal on all legs and occupying about the outer eighth of the 
segment; tibiae yellow, the tips more narrowly infuscated, somewhat 
more conspicuous on the fore legs; tarsi yellow, the outer segments 
infuscated; vestiture of femora short and spinous; claws with a con- 
spicuous tooth at near midlength and with about five smaller denticles 
on basal half. Wings yellow, the prearcular and costal fields deeper 
yellow; a brown pattern that is restricted to the vicinity of the veins, 
including seams at origin of Rs, over the cord and outer end of cell 
1st Mz; free tip of Sc, and Rs; along vein Cu in cell M, becoming more 
extensive on the distal section; outer third of vein 2nd A and the axillary 
border; veins light brown, those near base and in the brightened fields 
clear yellow, in the infuscated areas becoming dark brown. Wing tip 
very obtuse; costal vestiture short and dense. Venation: Sc, ending 
about opposite one-third the length of cell /s¢ Mz, Scz a short distance 
from its tip; free tip of Sc, about its own length before vein Re, the latter 
perpendicular but curving into R; both veins R; and R4,; bent very 
strongly caudad at outer ends, terminating at or beyond the wing tip; 
cell 1st Mz widened outwardly, m angularly bent at neat midlength, 
longer than the basal section of M3; m-cu oblique, about its own length 
beyond the fork of M; vein 2nd A relatively long, gently sinuous beyond 
the arcuated base. 

Abdomen with basal segment dark brown, sparsely pruinose; suc- 
ceeding tergites yellow, with three more or less distinct brown stripes, 
on the outer segments the median one becoming very delicate and 
restricted to the proximal half of the segment; basal sternites more 
obscure yellow, similarly trivittate with brown; segments six to eight, 
inclusive, uniformly brownish black to form a conspicuous ring; 
hypopygium yellow. 

Habitat: Japan (Honshiu). Holotype, &, Kamikochi, Shinano, | 
altitude 5,000 ft., September 8, 1935 (E. Suenson). 

This large and striking fly is most similar to the smaller Limonia 
(Libnotes) nohirai (Alexander), differing not only in the size and colora- 
tion of the body but in the obtuse wing tip and in all details of venation. 
L. (L.) regina (Alexander) is more distantly related. 
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Genus Dicranota Zetterstedt 
Dicranota (Dicranota) sicaria n. sp. 

Size relatively large (wing, male, 7 mm. or more); antennae short; 
general coloration of entire body gray, the praescutum with four dark 
brown stripes; wings with a weak brownish tinge, stigma conspicuous, 
darker brown; male hypopygium with the tergite scarcely produced 
medially, the lateral arms pale, expanded at tips; interbase a strong 
lobe, obliquely truncated at apex and further produced into a strong 
spine; dististyle small, broadly flattened. 

Male.—Length, about 6.5-7 mm.; wing, 7-8 mm.; antenna, about 
0.8-0.9 mm. 

Rostrum gray; palpi black. Antennae short, 12-segmented; basal 
flagellar segment oval, the succeeding ones passing into short-oval, the 
outermost again more elongate; verticils relatively short. Head dark 
brown, broadly gray in front and on the broad orbits. 

Pronotum gray, weakly more darkened on central portion. Meso- 
notum gray, the praescutum with four conspicuous dark brown stripes, 
the intermediate pair separated only by an obscure brownish gray 
capillary vitta; scutal lobes patterned with somewhat more grayish 
brown. Pleura gray. Halteres with stem whitened, knob a trifle darker. 
Legs with the coxae dark, gray pruinose; trochanters brownish black; 
remainder of legs black, the femoral bases obscure yellow. Wings with 
a very weak brownish tinge, the prearcular and costl fields clearer 
yellow; stigma darker brown, conspicuous; a vague to scarcely indicated 
brown tinge over the cord; veins brown, more yellowed in the brightened 
fields. Venation: Sc; ending opposite or just beyond the supernumerary 
crossvein in cell Ri; Rs oblique, variable in length and steepness; 
R2i344 Short to very short, subequal to or shorter than the basal section 
of R;; cell M, present; cell Mz open by the atrophy of m; m-cu more 
than one-half its length beyond the fork of M. 

Abdomen, including hypopygium, dark gray, the caudal borders of 
the intermediate tergites a trifle paler. Male hypopygium with the 
median region of the tergite only vaguely produced, the lateral arms 
long and conspicuous, pale, the tips more expanded and bent slightly 
mesad. Basistyle with apical lobes provided with setae, lacking 
spinous points. Interbase distinctive, appearing as a strong lobe, its 
apex obliquely truncated and farther produced into a long straight 
daggerlike spine; the truncated apex with abundant delicate setulae 
surrounding the base of spine. Dististyle relatively small, subequal in 
size to the lesser lobe of the basistyle, broadly flattened, with several 
strong setae near the obtuse apex; on face of style with a flattened plate 
or flange. 

Habitat: Japan (Honshiu). Holotype, o&, Hamasaka, Hyogo, 
April 1, 1931 (J. Okada). Paratopotypes, i. 

Dicranota (Dicranota) sicaria is quite distinct from the two most 
similar regional species of the subgenus, D. (D.) nipponica Alexander and 
D.(D.) yezoensis Alexander. All details of structure of the male hypopy- 
gium are distinctive, particularly the tergite, interbase and dististyle. 


Dicranota (Rhaphidolabis) macracantha n. sp. 


Allied to spina; general coloration of thorax gray, the scutellum and 
adjoining sclerites conspicuously yellow; halteres uniformly pale yellow; 
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wings with a milky tinge, the stigma scarcely indicated; veins pale; 
Roi344 scarcely evident, cell R3 nearly sessile; male hypopygium with 
the median area of the tergite produced into a broad conspicuous lobe, 
the lateral arms extended into long powerful spines; interbase a broad 
yellow blade, narrowed and strongly bent toward tip and here with 
both dorsal and lower flanges or crests, the former higher and with its 
margin microscopically serrulate; dististyle dusky, in length nearly 
equal to the longest lobe of the basistyle. 

Male.—Length about 5.5 mm.; wing, 0.8 mm. 

Rostrum brown; palpi brownish black. Antennae brownish black, 
short (the number of segments cannot be determined from the available 
material); flagellar segments oval, with relatively short verticils. Head 
dark brownish gray. 

Pronotum brownish gray, more yellowed behind. Mesonotum 
brownish gray, the praescutum with indications of a median darker 
stripe and less evident lateral ones; median region of scutum, the scu- 
tellum and cephalic portion of mediotergite yellow; posterior part of 
mediotergite darkened, pleurotergite yellow on posterior border, slightly 
pruinose in front. Pleura chiefly pale brownish yellow, the surface 
sparsely pruinose, especially the more dorsal sclerites; ventral sterno- 
pleurite weakly darkened. Halteres uniformly pale yellow. Legs with 
the coxae and trochanters yellow; femora yellow basally, weakly dark- 
ened outwardly; tibiae and tarsi obscure brownish yellow, the outer 
tarsal segments more darkened. Wings with a milky tinge, particularly 
at base, stigma scarcely darkened; veins brownish yellow, relatively 
inconspicuous against the ground. Venation: Re,3,4 barely evident as 
an unusually short element, cell R; subsessile to virtually sessile; cell M2 
open; m-cu very oblique, about one-half its length beyond the fork of M. 

Abdomen dark brown, the pleural region somewhat paler; hypo- 
pygium brownish yellow. Male hypopygium with the tergite large, its 
median area produced into a broad lobe, the apex subtruncate; surface 
with numerous setae; lateral tergal arms appearing as strong sinuous 
spines that are fully three times as long as the median lobe, gradually 
narrowed to the acute tips. In spina, the median tergal lobe is broader 
and lower and the lateral arms are represented by short slender spines. 
Interbase a broad yellow blade, narrowed and strongly bent outwardly, 
terminating in an acute spine, before apex with distinct flanges on both 
the outer and inner margins, the dorsal crest higher and with the margin 
microscopically serrulate. In spina, such crests are lacking. Dististyle 
dusky, nearly equal in length to the longest lobe of the basistyle, grad- 
ually narrowed to the obtuse tip, the latter with three stronger 
spinous setae. 

Habitat: Japan (Honshiu). Holotype, o&, Kamikochi, Shinano, 
altitude 5,000 ft., August 18-21, 1934 (Kariya). 

The present fly is generally similar to Dicranota (Rhaphidolabis) 
spina Alexander (Alpine districts of Hokkaido and Honshiu) from which 
it differs most conspicuously in the structure of the male hypopygium, 
as compared above. 


Dicranota (Rhaphidolabis) ontakensis n. sp. 


Size large (wing, male, 7 mm. or more); general coloration of thorax 
gray, the praescutum with three brownish stripes; antennae 14-seg- 
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mented, black throughout; wings with a milky tinge, the stigma very 
pale brown; vein Re43,4 present, varying from short to long; cell M2 
open; male hypopygium with the ninth tergite produced into a depressed 
bilobed median plate; interbase produced into two slender spines; apex 
of basistyle produced into a large clavate head that is densely clothed 
with short spinous setae; dististyle a narrow yellow blade. 

Male.—Length about 6.5-7 mm.; wing, 7-7.5 mm.; antenna about 
1.0 mm. 

Female.—Length about 7-7.5 mm.; wing, 8-8.5 mm. 

Rostrum black, sparsely pruinose; palpi black. Antennae black 
throughout, 14-segmented; flagellar segments oval, distinct, not at all 
crowded, the outer ones gradually smaller. Head light gray; anterior 
vertex wide. 

Pronotum dark gray. Mesonotum gray, the praescutum with three 
more brownish stripes, the broad median one entire in front, very shal- 
lowly divided behind; scutal lobes less evidently patterned. Pleura 
dark gray, the dorsopleural membrane more buffy.Halteres with the 
stem pale yellow, the apex of knob weakly darkened. Legs with the 
coxae gray pruinose, paling to obscure yellow at tips; trochanters 
obscure yellow; femora obscure brownish yellow basally, passing into 
brown; tibiae and tarsi gradually darker brown to black. Wings with 
a milky tinge, the prearcular and costal fields more yellowed; stigma 
scarcely evident as a pale brown cloud; veins brownish yellow, clearer 
yellow in the brightened fields. Venation: Rs arcuated to more or less 
angulated; Re,3,4 present but variable in length, in cases shorter than 
the basal section of R;, in other specimens twice as long as this element; 
R; oblique; cell Mz open by the atrophy of m; m-cu oblique, from one- 
third to one-half its length beyond the fork of M. 

Abdomen dark brown or brownish gray, the sternites a trifle more 
yellowed on their central portions, more infuscated on sides. Male 
hypopygium very distinctive. Ninth tergite produced medially into a 
flattened-depressed plate that splits at tip into two oval lobes separated 
by a deep U-shaped notch, each lobe densely provided with setae; no 
lateral tergal arms. Basistyle with interbase a glabrous flattened blade 
that terminates in two acute slender spines; apex of basistyle produced 
into a large clavate head that is evenly and densely clothed with short 
dark spinous setae. Dististyle a narrow yellow blade that is more than 
five times as long as its width at midlength, the tip obtusely rounded; 
surface of style with sparse elongate setae at base, short peglike setae 
over much of the outer half, and a few erect or retrorse stronger setae 
just before apex. 

Habitat: Japan (Honshiu). Holotype, o&, Ontake, Hida, southern 
Alps, altitude 5,850 ft., July 6-10, 1934 (H. Ise); through Kariya. 
Allotopotype, 2 ; paratopotypes, 1 #1, 2 2°. 

The present fly is one of the most distinct species in the entire sub- 
genus. The structure of the male hypopygium is so distinctive in all its 
parts that it scarcely seems necessary to make comparisons with other 
forms. In the conformation of the ninth tergite, it most approaches 
species such as Dicranota (Rhaphidolabis) biloba Alexander, but even 
here the two structures are not very similar. 
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Genus Limnophila Macquart 
Limnophila (Phylidorea) hokkaidensis n. sp. 


Size very large (wing, female, over 13 mm.); general coloration of 
head and thorax gray; halteres yellow throughout; femora yellow 
basally, the tips blackened, very broadly so on the fore legs, narrowest 
on the posterior pair; wings brownish yellow, stigma dark brown; a 
restricted paler brown pattern over the cord, Cu and vein 2nd A; Rs 
long, approximately twice the long, nearly straight Ro43,4 or three 
times m-cu; m very short; cell M, subequal in length to its petiole; 
m-cu at near one-third the length of cell /s¢ M2; abdomen brownish 
black; valves of ovipositor reddish horn-color. 


Female.—Length about 15 mm.; wing, 13.3 mm. 

Rostrum dark gray; palpi black. Antennae almost uniformly 
blackened throughout, the extreme base of the first flagellar segment 
brightened; first flagellar segment cylindrical, the succeeding three 
short-cylindrical, the remainder much more slender, elongate-cylin- 
drical; verticils of the dilated basal segments unilaterally arranged on 
outer face, on the outer segments much longer, exceeding the segments 
in length and occurring on all faces. Head dark gray; anterior vertex 
very wide, nearly five times the diameter of the scape. 

Pronotum large, light gray pruinose. Mesonotum gray, clear light 
gray pruinose on outer sclerites, the praescutum with indications of 
three darker grayish brown stripes; pseudosutural foveae very large, 
dark-colored, suboval in outline; tuberculate pits elongate, near the 
extreme cephalic portion of praescutum. Pleura heavily gray pruinose 
ever a black ground; dorsopleural membrane light brown. Halteres 
yellow throughout. Legs with the fore coxae brownish black, heavily 
gray pruinose, the remaining coxae reddish with a more sparse pruinos- 
ity; trochanters yellow; femora yellow, the tips broadly and conspic- 
uously blackened, broadest on the fore pair where nearly the outer 
two-thirds is included, narrower on the other legs, on the middle pair 
including about the distal half, on the posterior femora about the distal 
fifth; tibiae brownish black, the posterior pair a little brighter, brown, 
the tip narrowly blackened; tarsi black. Wings brownish yellow, the 
prearcular and costal fields clearer yellow; stigma relatively small, dark 
brown; a restricted paler brown pattern, as follows: Along cord and at 
wing-apex; Cu and vein 2nd A; veins brown, yellow in the brightened 
fields. Venation: Sc long, Sc; ending about opposite midlength of 
Rois44, Sco at its tip; Rs long, approximately twice the long Re43;4 or 
three times m-cu; Roi3,4 nearly straight, subequal to Re,3; Re and Ri+2 
subequal in length; basal section of R; long, gently arcuated; cell 
1st Mz subrectangular, a little narrowed at outer end; m very short to 
almost punctiform, the basal section of M3; correspondingly long; cell 
M, subequal to its petiole; m-cu about one-half its length beyond the 
fork of M, at near one-third the length of cell /st Mz; vein 2nd A sinuous 
on distal half. 

Abdomen brownish black, including the genital shield; valves of 
ovipositor reddish horn-color; cerci very deep at base, short but slender 
outwardly. 
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Habitat: Japan (Hokkaido). Holotype, 2, Sapporo, June 24, 1932 
(Tagawa); through Kariya. 

Readily distinguished from all other regional species of the subgenus 
by the very large size and the details of venation, especially the long 
Rs. In the Nearctic fauna, it is most similar to Limnophila (Phyli- 
dorea) aleutica Alexander and L. (P.) fratria Osten Sacken, yet entirely 
distinct. The most similar Palaearctic form is perhaps L. (P.) squalens 
(Zetterstedt), with a wide range over Europe, eastward to Eastern 
Siberia; this latter is entirely distinct from the present fly and may not 
belong to this subgenus. All of these species are very much smaller 
than the present fly. 


Genus Elephantomyia Osten Sacken 


Elephantomyia (Elephantomyia) palmata n. sp. 


Allied to dietziana; general coloration black, heavily gray pruinose 
to produce a more or less distinct plumbeous appearance; wings with a 
weak brownish tinge, heaviest at stigma and in the costal region; 
abdominal tergites bicolored, the sternites more restrictedly so; male 
hypopygium with the gonapophyses conspicuously expanded and pro- 
vided with more than fifteen spines to produce a palmate appearance. 

Male.—Length, excluding rostrum, 7.5-8 mm.; wing, 9-10 mm.; 
rostrum, 7-8 mm. 

Rostrum about equal in length to the entire body, brownish black. 
Antennae with scape and pedicel dark brown, flagellum paler. 
Head dark. 

Pronotum black, more or less pruinose. Remainder of thorax 
almost uniformly blackened, gray pruinose, to produce a more or less 
plumbeous appearance, the scutellum a little paler; dorsopleural mem- 
brane pale yellow. Halteres uniformly pale yellow. Legs with the coxae 
yellow, the posterior pair clearer; trochanters yellow; femora obscure 
yellow basally; the outer portions of the fore pair broadly dark brown, 
involving the outer two-thirds or more; remaining femora with the tips 
much more narrowly infuscated, including about the outer seventh or 
eighth; tibiae and tarsi brownish yellow to yellow. Wings with a weak 
brownish tinge, the costal border and stigma somewhat darker brown; 
prearcular field yellowed; veins brown, yellow in the prearcular field. 
Venation: Sc, ending just beyond the fork of Rs, longer than the sub- 
atrophied Sc,; anterior branch of Rs sinuous, generally parallel to the 
posterior branch; cell /st M2 a little longer than vein M4; m-cu a little 
longer than the distal section of Cm, placed just beyond midlength of 
cell 1st Me. 

Abdomen indistinctly bicolored, chiefly dark brown to brownish 
black, the basal rings of the intermediate segments yellow, broadly so 
on the tergites, especially segments four to seven, inclusive, where more 
than the proximal third is so brightened, very narrowly and indistinctly 
yellowed on the bases of the intermediate sternites, especially segment 
five; outer segments and hypopygium uniformly blackened. Male 
hypopygium with the mesal face of basistyle with abundant setae, those 
near the cephalic portion longer and more conspicuous; outer face of 
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basistyle with relatively few setae. Dististyles apical in position, the 
outer shorter, slender, the apical spine strongly curved, the outer sub- 
apical point small and straight. Inner dististyle with outer half slender. 
Gonapophyses unusually broad, palmate, provided with more than 
fifteen conspicuous spines. Aedeagus coiled. 


Habitat: Japan (Honshiu). Holotype, @, Ontake, Hida, southern 
Alps, altitude 5,850 ft., July 6-10, 1934 (H. Ise); through Kariya. 
Paratopotypes,2 0c. 

There are various species in the Palaearctic region that center 
around Elephantomyia (Elephantomyia) dietziana Alexander. This 
latter fly has the dististyles apical in position and with the gonapo- 
physis produced into a long pale point, the outer portion much reduced 
in area and with fewer than ten spines. The European E. (E.) edwardsi 
Lackschewitz is quite distinct from both dietziana and palmata in the 
subterminal dististyles and in the armature of the gonapophyses. 
E, (E.) hokkaidensis Alexander, of northern Japan, belongs to an entirely 
different group of species, being more nearly allied to the genotype, 
E. (E.) westwoodi Osten Sacken, of the Nearctic region, the gonapo- 
physes being without spinous points. 


Genus Cladura Osten Sacken 
Cladura daimio n. sp. 


Belongs to the megacauda group; general coloration yellow; tips of 
femora narrowly infuscated; abdominal tergites yellow, trivittate with 
pale brown, the median stripe more distinct and continuous; male 
hypopygium with the outer lobe of basistyle and the dististyle subequal 
in length, the latter large, expanded outwardly, the apex vaguely 
bilobed; lobe of mesal face of basistyle a large flattened setiferous blade. 

Male.—Length, about 8 mm.; wing, 9.5 mm. 

Female.—Length, about 8.5 mm.; wing, 9.5 mm. 

Rostrum and palpi yellow. Antennae yellow, the bases of the 
flagellar segments weakly darkened; verticils conspicuous. Head 
yellow. 

Thorax uniformly yellow, the surface polished or subnitidous, with 
conspicuous long pale setae on the praescutal interspaces and elsewhere. 
Halteres pale, the knobs very slightly darker. Legs yellow, the extreme 
tips of the femora infuscated; outer tarsal segments brown. Wings 
pale yellow, the prearcular and costal fields a trifle more saturated; 
veins brown. Venation: R, tending to become evanescent; Riis a trifle 
less than Rei344; cell /st Mz small, about as long as vein Roy3;4; m 
about one-half the petiole of cell M;. 

Abdominal tergites yellow, rather distinctly trivittate with pale 
brown, the median stripe especially distinct and continuous; posterior 
borders of tergites narrowly pale; sternites yellow, the caudal borders 
and especially the outer lateral angles of the same darkened; hypo- 
pygium yellow. Male hypopygium as in megacauda, differing in all 
details of the basistyle and dististyle. Details of tergite not clearly 
evident in the single available male. Outer lobe of basistyle slender, 
gradually narrowed to the tip, provided with scattered setae, those at 
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apex forming a sparse but conspicuous brush. Dististyle as long as the 
lobe of basistyle and larger, narrow at base, expanded outwardly, the 
tip vaguely bilobed. Basistyle with proximal end of mesal face pro- 
duced into a large flattened blade, the apex truncated, the surface with 
abundant setae; caudal portion of this blade further produced into a 
flattened oval lobe. 


Habitat: Japan (Honshiu). Holotype, @, Morioka, October 6, 1934 
(T. Kato). Allotopotype, 2, pinned with type. Paratopotypes, 2 broken 
specimens. Associated with Cladura megacauda Alexander. 

I am restricting the term megacauda group to the three species 
herewith discussed, all having the outer angle of the basistyle of the 
male hypopygium greatly produced beyond the point of insertion of the 
dististyle. All three species are most readily distinguished by their 
hypopygial characters. Cladura alpicola Alexander has the lobe of the 
basistyle unusually long and slender; dististyle of peculiar shape, pro- 
duced at base into a strong obtuse lobe; the basistyle itself is very 
slender, its mesal lobe having a distinctive shape. C. megacauda Alexan- 
der is again very different, the dististyle being a trifle longer than the 
outer lobe of the basistyle, narrowed outwardly, the tip obtuse, with a 
dense cushion of relatively short setae; mesal lobe of basistyle unusually 
small and slender, again of peculiar shape. Earlier (Philippine Journ. 
Sci., 40: 342; 1929) I had considered that the members of the group 
possessed two dististyles but it is now evident that the outer one of 
these is actually a long outer prolongation of the basistyle, subequal in 
length to or exceeding the dististyle itself. This condition is unique 
among the various species of Cladura now known and may possibly be 
held as being of subgeneric value. It should be noted that Crypleria 
Bergroth and Neolimnophila Alexander actually do have two dististyles. 


Cladura alpicola setuliloba n. subsp. 


Male.—Length, about 7.5 mm.; wing, 8.8 mm. 

Characters as in the typical subspecies (Japanese Alps, Honshiu: 
Yarigatake), differing especially in hypopygial characters. 

Venation with the petiole of cell M, short to very short, less than m. 
Male hypopygium with the lateral lobes of the ninth tergite broader 
and more or less incurved. Basistyle with the lobe of mesal face even 
larger, the lateral fingerlike lobule more pointed and with only two or 
three long setae at extreme tip; almost the entire surface of lobe densely 
setuliferous, more abundant and conspicuous than in the typical form. 
Outer lobe of basistyle broken in the unique type. Dististyle with the 
basal lobe longer and stouter, approximately two-thirds the length of 
the rostral blade and much stouter. 

Habitat: Japan (Honshiu). Holotype, 7, Mt. Myotaka, August 1, 
1923 (Fuzimatsu); through Kariya. 


Cladura taiwania n. sp. 


Cladura decem-notata Alexander; Philippine Journ. Sci., 40: 540; 
1929; not C. decem-notata Alexander, Ann. Ent. Soc. America, 17: 
436-4387; 1924. 
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Cladura decem-notata was described from the island of Kiushiu. 
| Later I discussed the species briefly and indicated the possibility that 
the Formosan material represented a distinct species, a fact of which I 
am now more firmly convinced. I have withheld the description of 
the present fly while awaiting the receipt of male specimens of the true 
decem-notata. No further materials have become available and I am 

describing the species on the basis of the original specimens. 

Male.—Length, about 6.5-7 mm.; wing, 8.5-9 mm. 

Compared with decem-notata, the dark spots on the mesonotal 
praescutum are larger, particularly the anterior pair and those on the 
scutal lobes; darkening on the ventral sternopleurite likewise more 
extensive. Abdominal tergites more uniformly infuscated, the individ- 
ual segments with very narrow pale posterior borders. In decem- 

notata, the central portion of the abdominal tergites is broadly yellow, 

the sides abruptly infuscated. Wings clearer yellow, the veins paler, 
more delicate, and relatively inconspicuous against the ground. Vena- 
tion: Sc, ending opposite the fork of Re4344; Rs strongly arcuated at 
origin; Re43;,4 longer than cell /s¢ M2; petiole of cell M, longer than m. 
Male hypopygium with the mesal face of basistyle provided with 
abundant long setae. Disistyle very large, terminal in position, narrow 
at base, widely expanded outwardly to appear more or less triangular in 
outline, the apex broadly emarginate; cephalic or inner lobe fringed with 
a row of strong setae that are angularly produced at tip into a slender 
hairlike point. Gonapophysis relatively small and inconspicuous. 
Aedeagus dilated at near midlength, the distal third slender. 

Habitat: Formosa. Holotype, co, Shorei, altitude 7000-8000 ft.. 
October 25, 1928 (S. Issiki). Paratopotypes,7 7. 


Cladura tetraspila n. sp. 


General coloration yellow, the mesonotum with four conspicuous 
brown spots, including two each on the praescutum and scutum; wings 
unpatterned; male hypopygium with the median region of the tergite 
produced caudad into a flattened plate, its margin with a rounded 
notch; basistyle unarmed; dististyle apical in position, profoundly bifid; 
gonapophysis appearing as a broadly flattened blade, the apex with 
abundant spinous points; aedeagus with a lateral flange that is micro- 
scopically papillose. 
Male.—Length, about 6 mm.; wing, 7.5 mm. 
Female.—Length, about 7-7.5 mm.; wing, 8-9 mm. 
Rostrum yellow; palpi a little darker, especially the outer segments. 
Antennae 15-segmented; scape and pedicel yellow, flagellum weakly 
bicolored, yellow, the bases of the segments slightly more darkened; 
outer segments weakly pale brown; fusion-segment involving two 
segments. Head uniformly yellow, with a very sparse bloom. 
Mesonotum yellow, with four conspicuous dark brown spots, includ- 
ing two on the posterior portions of the praescutum, representing the 
usual lateral stripes, the second pair on the scutal lobes; remainder of 
notum and the pleura yellow. Halteres yellow. Legs yellow, the 

extreme tips of the femora and tibiae infuscated; tarsi dark brown, the 

proximal portion of the basitarsi obscure yellow. Wings yellow, more 
| brightened in the prearcular and costal fields; stigmal area a trifle 
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differentiated by a more yellowish suffusion; veins brown, yellow in the 
more brightened fields. Venation: Sc, ending nearly opposite the fork 
of Re4344, Sco about opposite two-thirds the length of the latter; Ro,»s 
subequal in length to Rei344 or Riis, or, in cases, with Rey; longer; 
petiole of cell M, nearly twice m; m-cu from about one-fourth to nearly 
one-half its length beyond the fork of M. 

Abdominal tergites brown, sternites yellow; a subterminal more 
blackened ring; hypopygium obscure yellow. Male hypopygium of 
moderate size; region of tergite produced into a median paler plate, the 
caudal border of which bears a rounded notch, the lateral lobes thus 
formed unequally bilobulate, the inner lobule more truncated at apex, 
the outer lobule or shoulder rounded. Basistyle relatively slender, 
without armature. Dististyle apical in position, profoundly bifid, 
forming two relatively slender arms; inner arm narrowed at apex into 
an acute point, the entire surface with abundant long pale setae; outer 
arm a little dilated just before apex, thence narrowed to the tip, the 
setae restricted to this outer portion. Each gonapophysis appearing as 
a broad flattened blade, the apical margin with numerous spinous 
points, including a larger outer spine. Aedeagus short, subtended by a 
flange that is miscroscopically papillose. 

Habitat: Japan (Honshiu). Holotpye, o, Gora, Hakone District, 
November 11, 1931 (Sawada). Allotopotype, 9. paratopotype, 1 9°. 

Cladura tetraspila is readily distinguished from the other species 
having variegated thoraces, including C. decem-notata Alexander, C. 
machidella Alexander, and C. taiwania sp. n., by the nature of the pat- 
tern. It is further told from all species of the genus where the male sex 
is known by the somewhat peculiar hypopygium, particularly the 
profoundly bifid terminal dististyle. 


Cladura hakonensis n. sp. 


General coloration of thorax brownish gray, conspicuously gray 
pruinose, especially on the pleura; head dark gray; antennae (female) 
15-segmented, brownish black throughout; femora obscure yellow, 
gradually passing into brown at tips; tarsi dark brown; wings brownish 
yellow, the prearcular and costal fields clearer yellow; very restricted 
pale brown clouds over the anterior cord and along vein Cu in cell M; 
vein Sc, ending a short distance before vein Re, Sc, opposite or beyond 
the fork of Rei3,4; abdomen dark brown. 

Female.—Length, about 7.5 mm.; wing, 9.3 mm. 

Rostrum and palpi dark brown. Antennae brownish black, 15-seg- 
mented, there being two segments involved in the basal fusion-segment; 
outer segments long-oval, subequal in length to the verticils; terminal 
segment about two-thirds as long as the penultimate. Head uniform 
dark gray. 

Pronotum obscure testaceous yellow. Mesonotum almost uni- 
formly brownish gray, the praescutum clearer gray on sides, more 
darkened medially in front; posterior portions of scutal lobes more 
yellowed. Pleura brownish gray. MHalteres yellow, knob weakly 
darkened. Legs with the coxae and trochanters yellow; femora obscure 
yellow basally, gradually passing into brown at the tips; tibiae brownish 
yellow, the tips gradually more infuscated; tarsi dark brown. Wings 
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brownish yellow, the prearcular and costal fields clearer yellow; a very 
ill-defined pale brown pattern, best’ evidenced as a small cloud over the 
anterior cord and a seam along vein Cu in cells M and M,; veins obscure 
yellow, a trifle darker in the clouded fields. Venation: Sc, ending only 
a short distance before Re, Sc, opposite or beyond the fork of Rei344; 
Rs gently arcuated; cell /st M2 long, exceeding vein Re;3;4 in length; 
petiole of cell M, slightly longer than m; m-cu about one-third to two- 
fifths its length beyond the fork of M. 

Abdomen dark brown, sparsely pruinose; ovipositor with the very 
powerful valves yellowish horn-color. 

Habitat: Japan (Honshiu). Holotype, 9, Gora, Hakone District, 
November 11, 1931 (Sawada). 

Cladura hakonensis is entirely distinct from the other Japanese 
species, differing most evidently in the brownish gray coloration of the 
body, brownish black antennae, gradually darkened femoral tips, and 
the sparsely patterned wings. The only other species in the fauna 
having any wing pattern is the otherwise very different C. machidella 
Alexander. 


Cladura monacantha n. sp. 


General coloration yellow, unpatterned; femora with tips narrowly 
but conspicuously dark brown; wings unpatterned; male hypopygium 
with the tergite terminating in two small subcircular lobes; basistyle 
without lobes; dististyle single, stout, terminal in position; gonapo- 
physes appearing as flattened blades, each bearing a single strong lateral 
tooth before the apex. 

Male.—Length, about 6.5 mm.; wing, 8.5 mm. 

Rostrum obscure yellow; palpi dark brown. Antennae with the 
scape blackened; pedicel more or less darkened; flagellum yellow; 
flagellar segments subcylindrical, with long conspicuous verticils; basal 
two flagellar segments fused but not compacted, the position of the 
suture indicated by a constriction. Head light yellowish brown, 
weakly pruinose, particularly on the anterior vertex and orbits; anterior 
vertex about three times the diameter of the scape. 

Thorax uniformly yellow, the mesonotum slightly more fulvous. 
Halteres elongate, yellow. Legs with the coxae and trochanters light 
yellow; femora yellow, the tips very narrowly but conspicuously dark 
brown, the amount subequal on all legs; tibiae yellow, the tips even 
more narrowly darkened; tarsi dark brown. Wings whitish or very pale 
yellowish subhyaline, the prearcular field light yellow; veins brown. 
Venation: Sc, ending about opposite one-third the length of Ro3; 
Rei344 about one-fourth longer than Riis; petiole of cell M; a little 
longer than m; m-cu close to the fork of M. 

Abdominal tergites weakly infuscated, somewhat paler laterally; 
basal sternites obscure yellow, the posterior margins narrowly more 
darkened; subterminal segments not conspicuously dark brown, as is 

: common in various species of the genus; hypopygium brownish yellow. 
| Male hypopygium with the central region of tergite slightly produced, 
the median portion still farther extended into two subcircular or suboval 
lobes. Basistyle elongate, without lobes. Dististyle terminal in 
position, simple, relatively stout, the blunt apex more or less lobed and 
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pendant. Gonapophyses longer than the aedeagus, appearing as rel- 
atively broad yellow blades, each broadest beyond midlength, nar- 
rowed to the subacute tip; lateral margin near apex produced into a 
single strong toothlike point; outer end of style at and near the tooth 
bearing several delicate setoid points, these continued basad along the 
mesal portion of the blade (in slide mounts) for about one-third the 
length; margins of the blade not produced into these hairlike extensions 
(as in the subspecies fimbriaia). 

Habitat: Japan (Honshiu). Holotype, o&, Tottori Prefecture, 
without further data (Sawada). 

This fly, with its subspecies described below, is most nearly allied to 
Cladura autumna Alexander, differing very evidently in the structure 
of the male hypopygium. as defined above. 


Cladura monacantha fimbriata n. subsp. 


Characters essentially as in the typical form, differing chiefly in 
minor hypopygial characters. Gonapophyses even narrower, the apex 
more acute, the lateral spine large and conspicuous; in addition to the 
microscopic setoid extensions near the apex and along the mesal por- 
tion of the blade, the outer margin at near midlength even more con- 
spicuously produced into spines and setoid points. 

Habitat: Japan (Honshiu). Holotype, o&, Gora, Hakone District, 
November 11, 1931 (Sawada). 


Genus Erioptera Meigen 
Erioptera (Psiloconopa) laudatrix n. sp. 


Size small (wing, male, under 4 mm.); general coloration brownish 
gray, variegated with obscure yellow; antennae short, outer flagellar 
segments subglobular; femora yellow, the tips broadly blackened; wings 
with a weak brownish tinge, very restrictedly patterned with darker 
brown; cell 1st M2 closed, small; male hypopygium with two blackened 
dististyles, subterminal in position, the glabrous outer style bispinous 
at tip, the inner style terminating in a single point. 

Male.—Length, about 3.5 mm.; wing, 3.9 mm. 

Rostrum obscure yellow; palpi brown. Antennae pale brown, 
pedicel a trifle darker; flagellar segments very short-oval to subglobular, 
the verticils exceeding the segments. Head brownish gray, the front 
and narrow posterior orbits clearer gray. 

Pronotum obscure yellow. Mesonotal praescutum chiefly covered 
by three dark brownish gray stripes that are confluent or virtually so; 
cephalic border of median stripe more intensely darkened; humeral 
region broadly yellow; scutal lobes extensively brownish gray, the 
median area restrictedly obscure yellow; scutellum light yellow, with 
a narrow pale brown central vitta, parascutella darker; postnotum 
reddish brown, the posterior third darker. Pleura obscure brownish 
yellow, restrictedly patterned with dark brownish gray, most conspic- 
uously so on the ventral sternopleurite and meron, narrower across the 
suture between the anepisternum and sternopleurite. Halteres with 
knob yellow, the stem a trifle darker. Legs with the coxae and tro- 
chanters reddish yellow, the fore coxae darker; femora yellow, the tips 
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broadly and conspicuously blackened; tibiae and proximal two or three 
tarsal segments obscure yellow, their tips narrowly infuscated; outer 
tarsal segments brownish black. Wings with a weak brownish tinge, 
the prearcular and costal fields more yellowed; a very restricted darker 
brown pattern, most evident as seams over S¢e, tip of Sc; and Re, tip of 
R42 and along the cord; origin of Rs and outer end of cell 1s¢ Mz scarcely 
darkened; veins brown, darker in the patterned areas, more yellowed in 
the flavous portions. Venation: Sc, ending beyond Rs, Sc about 
opposite one-fourth the length of Rs; Re43;4 subequal to the basal 
section of R;, slightly elevated; veins R; and R, slightly divergent; cell 
1st Mz closed, small, M3,4 about three-fifths as long as M, alone; m-cu 
a short distance before the fork of M; vein Cu, sinuous on its distal half; 
vein 2nd A sinuous on the distal sixth. 

Abdominal tergites pale brown, the caudal borders narrowly tes- 
taceous yellow, somewhat more extensively so on the outer angles; 
sternites obscure brownish yellow, the posterior borders very narrowly 
paler yellow; hypopygium chiefly pale, the proximal ends of the basi- 
styles infuscated, the dististyles blackened. Male hypopygium with 
apex of basistyle produced beyond the point of insertion of the disti- 
styles as a conical lobe extending to beyond midlength of the outer 
dististyle, tipped with long yellow setae. Both dististyles subequal in 
size, the outer style glabrous, a little dilated at base, its outer half 
generally parallel-sided, terminating in two acute spines that are sep- 
arated by a shallow U-shaped notch; inner style roughly parallel-sided, 
j at apex narrowed into a single spinous point, the surface with nearly 20 
pale setigerous punctures, well-scattered over the surface. Lateral 
gonapophyses very small, appearing as darkened blades, the outer 
margin irregularly notched or crenate. 

Habitat: Japan (Honshiu). Holotype, &, Gifu, June 19, 1932, at 
light (Kariya). 

Erioptera (Psiloconopa) laudatrix is entirely different from the 
other species of the subgenus now known from Eastern Asia, being more 
like certain European species, including E. (P.) grata (Loew) and 
E. (P.) pusilla (Schiner). It differs from all known species in the 
structure of the male hypopygium. Superficially the fly somewhat 
resembles E. (P.) machidai Alexander but the actual relationship is not 
close. It should be noted that it is now considered that Jlisia Rondani 
is synonymous with the earlier Psiloconopa Zetterstedt. 


LL 


Erioptera (Empeda) brumalis n. sp. 


Size large (wing, male, 6 mm.); general coloration dark plumbeous 
gray; legs brownish black to black, without scales; wings grayish sub- 
hyaline, with a broad, conspicuous, brown seam from the stigma across 
the wing at the cord; Sc, long, Sc; ending about opposite six-sevenths 
the length of the long Rs; Sc; long, exceeding twice the length of r-m; 
cell Mz open by the atrophy of m; Anal veins divergent; male hypo- 
pygium with the inner dististyle blackened, the two arms very unequal, 
the shorter one greatly expanded into a flattened blade. 

Male.—Length, about 5.5 mm.; wing, 6 mm. 

Female.—Length, about 6-7 mm.; wing, 6.3-8 mm. 
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Rostrum and palpi black. Antennae black; scape enlarged; flagellar 
segments long-cylindrical, very slender, with very long verticils, longest 
on the more proximal segments. Head dark gray. 

Thorax dark plumbeous gray, the praescutum with three more 
brownish stripes; dorsopleural membrane infuscated. Halteres yellow, 
a trifle more infuscated in male. Legs with the coxae dark plumbeous 
gray; trochanters brown; remainder of legs brownish black to black; 
vestiture of legs including large and smaller setae but no scales. Wings 
grayish subhyaline, restrictedly but conspicuously patterned with 
brown, including the stigma and a broad seam across the wing at the 
cord, the stigma more intense; prearcular field, including the veins, a 
trifle more yellowed; remaining veins brown. Venation: Sc long, Sc 
ending about opposite six-sevenths the length of the long Rs, Sc, some 
distance from its tip so Sc, is unusually long, exceeding twice the length 
of r-m; veins R; and R, weakly divergent, the former only about one- 
half to three-fifths as long as the latter; cell Mz open by the atrophy of 
m; m-cu just before the fork of M; Anal veins divergent, vein 2nd A 
beyond its base straight. 

Abdomen dark brown, more or less gray pruinose; hypopygium 
brownish black; ovipositor with shield dark brown, valves horn-yellow. 
Male hypopygium of the general type of fuscocincta yet quite distinct, 
especially the inner dististyle. Both dististyles terminal in position, 
the outer one slender; inner style entirely blackened, the two arms very 
unequal, the shorter one greatly expanded into a blade, the second arm 
narrow, approximately as wide as the outer dististyle, its tip narrowly 
obtuse. 

Habitat: Japan (Honshiu). Holotype, @, Gifu, March 13, 1932 
(Kariya). Allotopotype, 9, December 19, 1933 (Kariya). Paratopo- 
types, 1 9, January 17, 1934 (Kariya), 1 2 with the allotype. 

Erioptera (Empeda) brumalis is entirely distinct from the other 
Eastern Asiatic species of the subgenus, differing particularly in the 
large size, patterned wings and structure of the male hypopygium. The 
most similar species is the western Chinese E. (E.) fuscocincta Alex- 
ander, which differs most evidently in the structure of the male 
hypopygium, particularly, the inner dististyle. 


Genus Ormosia Rondani 
Ormosia (Ormosia) subalpina n. sp. 


Allied to nantaisana; general coloration gray, the praescutum with a 
median brown stripe; antennae black throughout; legs dark brown, the 
femoral bases broadly yellow; wings with cell 1st Mz closed, vein 2nd A 
sinuous; male hypopygium with the outer dististyle very short and 
compact, the width across the head nearly equal to the length, the stem 
thus very stout; inner dististyle dark-colored, broad, almost as long as 
the basistyle; lateral gonapophyses greatly expanded at tips into 
flattened yellow blades. 

Male.—Length, about 5.5 mm.; wing, 6 mm.; antenna, about 
1.6 mm. 

Female.—Length, about 7 mm.; wing, 7.5 mm. 

Rostrum and palpi black. Antennae black throughout; flagellar 
segments oval, on the more proximal ones with the lower face a trifle 
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protuberant; longest verticils subequal to or shorter than the segments. 
Head gray. 

Thorax almost uniformly gray, the pleura somewhat lighter; prae- 
scutum with the median stripe brown, the laterals scarcely defined; 
pseudosutural foveae black; dorsopleural membrane darkened. Halteres 
with the stem whitened, knob light yellow. Legs with the coxae 
plumbeous gray; trochanters brownish yellow; remainder of legs dark 
brown, with the femoral bases broadly yellow. Wings with the ground 
color yellow, the prearcular and costal fields clearer yellow; stigma 
brown; a restricted brown pattern along the veins, including the cord 
and along vein Cu in cells M and M,; outer end of cell /s¢ M, and some 
of the veins beyond the cord less evidently seamed; veins light brown, 
darker in the patterned areas, yellow in the flavous fields. Venation: 
R, immediately beyond the fork of Rei3,4, Rey; being very short to 
virtually lacking; vein R; gently upcurved at tip; cell Jst M2 closed, 
m-cu from one-third to one-fourth its own length beyond the fork of M; 
vein 2nd A sinuous, the distal third of the cell narrowed, particularly 
in the male. 

Abdomen of male brown, the hypopygium still darker; in the female, 
abdomen uniformly dark brown; cerci long and slender, gently 
upcurved. Male hypopygium having the general structure of nantaisana 
but with all characters even more accentuated, particularly the disti-. 
styles. Outer dististyles very short and compact, subtriangular in 
outline, the width across the head nearly equal to the length, the stem 
correspondingly stout. Inner dististyle much larger than in nantaisana, 
being fully as long as the basistyle, dark-colored, appearing more or: 
less mitten-shaped, fully twice as wide as in mantaisana. Lateral 
gonapophyses much larger than in mantaisana, their tips greatly 
expanded into flattened yellow blades. 

Habitat: Japan (Honshiu). Holotype, o, Mt. Kurobegoro, Toyama. 
(Japanese Alps), altitude 2,400 meters, August 8, 1931 (K. Imanishi); 
No. 5016, through Tokunaga, No. 145. Allotopotype, 2, with the 
type; No. 5017. 

The present fly is related to Ormosia (Ormosia) nantaisana Alex- 
ander, from which it differs very evidently in the structure of the male 
hypopygium, as detailed above. I had earlier determined this material 
as being nantaisana but the receipt of more material of this latter species. 
has demonstrated the specific distinctness of the two flies. 


Ormosia (Ormosia) ontakeana n. sp. 


Size large (wing, female, 7.5 mm.); general coloration of head and 
thorax gray; antennae black throughout; halteres short, light golden 
yellow; legs uniformly brownish black; wings broad, ground color gray- 
ish, the large stigma dark brown, conspicuous; Re3;4 long and nearly 
straight, about twice the oblique r-m; cell 1st Mz closed, subequal in 
length to vein M,; m-cu from one-third to one-half its length beyond 
the fork of M; vein 2nd A sinuous. 

Female.—Length, about 7 mm.; wing, 7.5 mm. 

Rostrum dark brown; palpi brownish black. Antennae black 
throughout; basal flagellar segments long-oval, the outer ones passing 
through subcylindrical to virtually cylindrical; terminal three seg- 
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ments subequal in length; verticils slightly exceeding the segments. 
Head gray. 

Pronotum brown, gray on the sides; scutellum and pretergites clear 
light yellow. Mesonotum and pleura almost uniformly gray over a 
brown ground; praescutal pattern not visible in the unique type. 
Halteres short, knobs large, entirely light golden yellow. Legs with 
the coxae brownish gray; trochanters yellow; remainder of legs uni- 
formly brownish black. Wings broad, the ground color grayish, the 
prearcular and costal fields more brownish yellow; stigma dark brown, 
conspicuous; a scarcely evident darkening along the cord, best-evidenced 
by a deepening in color of the veins; veins brown, those in the brighter 
fields and toward the wing base somewhat paler. Macrotrichia delicate 
but distributed over the entire wing. Venation: Sc; ending just beyond 
the oblique Re, Sc. about opposite midlength of Rs; Re43,4 long and 
nearly straight, about twice the oblique r-m; vein R; only slightly 
upcurved at its outer end; cell /s¢ Mz closed, subequal in length to vein 
M, beyond it; m-cu about one-third to one-half its length beyond the 
fork of M; vein 2nd A sinuous. 

Abdomen almost uniformly dark brown; ovipositor with the cerci 
horn-yellow, more darkened basally. 

Habitat: Japan (Honshiu). Holotype, 9, Ontake, Hida, southern 
Alps, altitude 5,850 ft., July 6-10, 1934 (H. Ise); through Kariya. 

Although only the female sex is available, there is no question of 
the distinctness of the present fly. From the other species having cell 
1st Mz closed and with vein 2nd A strongly sinuous, including Ormosia 
(Ormosia) nantaisana Alexander and O. (O.) subalpina sp. n., it is readily 
told by the almost unpatterned wings, uniformly blackened legs, and 
the details of venation, including the course of R, and r-m, and the 
lengths of vein Rei344 and cell 1st Me. 


Ormosia (Ormosia) kamikochiae n. sp. 


Belongs to the similis group; general coloration of the mesonotum 
light brown, the posterior sclerites and the pleura more pruinose; 
antennae short; legs brown, the femoral bases broadly yellow; wings 
with cell Mz open by the atrophy of the basal section of M3; vein 2nd A 
sinuous on the distal third; male hypopygium with the gonapophyses 
unequally bispinous; aedeagus a slender black rod, its tip subacute. 

Male.—Length, about 4.5 mm.; wing, 4.8 mm.; antenna, about 
1 mm. 

Female.—Length, about 5 mm.; wing, 5 mm. 

Rostrum brown; palpi black. Antennae short in both sexes; scape 
and pedicel brown, flagellum somewhat darker; flagellar segments 
long-oval to subcylindrical; longest verticils unilaterally arranged and 
much longer than the segments. Head dark brownish gray. 

Pronotum and mesonotum almost uniformly light brown, the poster- 
ior sclerites and the pleura more pruinose to produce a plumbeous 
appearance. Halteres pale yellow. Legs with the coxae obscure yel- 
low, the fore pair darker, sparsely pruinose; trochantets yellow; femora 
obscure yellow basally, with about the outer half dark brown; remainder 
of legs light brown, the terminal tarsal segments darker. Wings with a 
weak brownish tinge, the prearcular and costal fields somewhat more 
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yellowish brown; stigma darker brown than the ground; veins light 
brown. Macrotrichia of cells abundant but delicate. Venation: Sq 
ending opposite R2; cell Mz open by the atrophy of the basal section of 
M;; m-cu close to the fork of M; vein 2nd A sinuous on its distal third. 

Abdomen, including the hypopygium, dark brown. Male hypo- 
pygium with the ninth tergite conspicuous, narrow but very deeply split 
medially. Outer dististyle small, densely covered with short appressed 
setae, arranged in parallel rows as in the group. Inner dististyle larger, 
dilated at base, the apex narrowed, the lower surface filled with pale 
membrane. Each gonapophysis appearing as a conspicuous blackened 
bispinous structure, the spines slender and very unequal, the longer one 
strongly curved at midlength, the shorter and more basal spine about 
one-half as long, directed caudad. Aedeagus appearing as a further 
slender straight blackened rod, the tip subacute or very narrowly 
obtuse. 

Habitat: Japan ‘Honshiu). Holotype, o&, Kamikochi, Shinano, 
altitude 5,000 ft., August 18-21, 1934 (Kariya). Allotopotype, 9, 
pinned with the type. 

The present fly is quite distinct from the other regional members of 
the group, being most similar to Ormosia (Ormosia) machidai Alexander 
and O. (O.) seclusa Alexander, but differing from these and all others in 
the structure of the male hypopygium. 


Ormosia (Ormosia) dicax n. sp. 


Belongs to the similis group; size medium (wing, male, 5 mm. or a 
trifle more); general coloration of thorax light gray, the praescutum 
unpatterned; halteres light yellow; femora yellow, the tips infuscated; 
wings whitish subhyaline, the prearcular and costal fields light yellow; 
a restricted brown pattern, the largest areas being the stigma and a 
conspicuous seam along vein Cu; cell Mz open by the atrophy of the 
outer deflection of M;; Anal veins divergent; male hypopygium with 
the inner dististyle stout, including the obtuse tip; each gonapophysis 
appearing as a simple elongate sinuous yellow blade, nearly as long 
as the basistyle, narrowed gradually to the acute tip. 

Male.—Length, about 4.24.5 mm.; wing, 5-5.5 mm.; antenna 
about 0.9 mm. 

Female.—Length, about 5 mm.; wing, 5.2 mm. 

Rostrum brownish yellow; palpi brown. Antennae short, as shown 
by the measurements; scape and pedicel yellow, flagellum brown; 
flagellar segments oval, the longest verticils slightly exceeding the 
segments. Head gray. 

Pronotum pale brown or brownish yellow, sparsely pruinose. Meso- 
notum clear gray, the tuberculate pits and pseudosutural foveae black; 
praescutal stripes not indicated. Pleura gray, the dorsopleural region 
and pretergites yellow. Halteres light yellow, especially the knobs. 
Legs with the coxae yellow, the fore pair a little darker; trochanters 
yellow; femora yellow or brownish yellow, the tips infuscated; tibiae 
yellow, the tips more narrowly darkened; tarsi passing into black. 
Wings whitish subhyaline, prearcular and costal fields yellow; a 
restricted brown pattern, including the stigma, a broad seam along vein 
Cu and less evident cloudings along cord and as barely indicated mar- 














370 Annals Entomological Society of America [Vol. XL, 


ginal darkenings at ends of the veins; veins light brown, darker in the 
clouded areas, yellow in the flavous portions. Venation: Rz at or very 
close to the fork of Re+344; tips of veins R; and R,, especially the former, 
slightly upcurved; cell M2 open by the atrophy of basal section of M3; 
m at its junction with outer section of M3; square and, in cases, more or 
less spurred; m-cu at fork of M; Anal veins gradually divergent. 

Abdomen brownish black, the basal sternites more reddened; 
hypopygium varying from obscure yellow to dark brown. Male hypo- 
pygium with the tergite broad, the sides and the caudal margin gently 
emarginate, the outer third pale. Inner dististyle relatively stout, 
including its obtuse apex. Gonapophyses appearing as simple elongate 
sinuous yellow blades that narrow very gradually to the acute tips, the 
total length of either apophysis nearly equal to the basistyle. 

Habitat: Japan (Honshiu). Holotype, o&, Hamasaka, Hyogo 
(Tottori), April 1, 1931 (Okada). Allotopotype, 9, pinned with type. 
Paratopotypes, 3 oc’, March 25—April 1, 1931 (Okada). 

Ormosia (Ormosia) dicax is entirely different from the most similar 
regional species, including O. (O.) takeuchii Alexander and O. (O.) 
takahashii Alexander, both of which have the male hypopygium, 
especially the gonapophyses, entirely different. 


Genus Molophilus Curtis 
Molophilus (Molophilus) efferox n. sp. 


Belongs to the gracilis group and subgroup; general coloration of 
body black; antennae short; halteres entirely pale yellow; femora black, 
the bases broadly obscure yellow; wings with a weak brownish tinge, 
the base brighter; male hypopygium with the ventral lobe of basistyle 
very small, the dorsal or lateral ones very powerfully developed into 
spines, one a long curved simple rod, the other bifid into two unequal 
spines; two distisytles, the longest at about two-thirds the length bent 
at nearly a right angle; shorter spine sinuously bent, the tip a long 
slender spine. 

Male.—Length, about 4.5 mm.; wing, 4.7 mm.; antenna, about 
0.9 mm. 

Rostrum and palpi black. Antennae short; scape black, pedicel 
more piceous, flagellum brownish black; flagellar segments oval, the 
outer ones a little more elongate. Head brownish black. 

Thorax almost uniformly blackened, the surface with a vague 
pruinosity to produce a weak plumbeous appearance. Halteres uni- 
formly very pale yellow. Legs with the coxae brownish black; tro- 
chanters obscure brownish yellow; femora with about the proximal 
third or fourth obscure yellow, the remainder passing into brownish 
black; tibiae and basitarsi light yellowish brown, the outer tarsal seg- 
ments more strongly infuscated. Wings with a weak brownish tinge, 
the prearcular and costal fields light yellow; veins and macrotrichia 
darker brown, the veins in the paler fields brownish yellow. Venation: 
R, lying a short distance beyond the transverse level of r-m; petiole of 
cell M; nearly three times m-cu, the latter only a short distance beyond 
the fork of M; vein 2nd A long, gently sinuous, ending about opposite 
midlength the petiole of cell M3. 
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Abdomen, including hypopygium, black. Male hypopygium with 
the apical lobes of the basistyle much developed; ventral lobe unusually 
small, only about twice as long as its diameter at base; outer or lateral 
portion of style produced into two lobes that lie close together at base, 
one a long curved spine that is nearly as long as the longest dististyle, 
the other shorter but broader at base, split into two unequal acute 
spines, the shorter of which is more slender. Two dististyles, the 
longest strongly bent at about two-thirds its length into a long straight 
spine; lower style shorter, the proximal half broader, the distal portion 
sinuously bent, thence narrowed into a slender, very acute spine, the 
ventral margin with a few scattered spinous points. Aedeagus long 
and slender. Phallosomic plate relatively narrow, obtuse at tip, the 
surface with microscopic setulae. 

Habitat: Japan (Honshiu). Holotype, o&, Kamikochi, Shinano, 
altitude 5,000 ft., August 18-21, 1934 (Kariya). 

While differing entirely in the black coloration, the present fly 
suggests Molophilus (Molophilus) ferox Alexander, likewise from the 
Japanese Alps, in the unusual development of spinuous points on both 
the basistyle and dististyles of the male hypopygium. The Korean 
M. (M.) avidus Alexander has a somewhat similar modification of the 
dorsal lobe of the basistyle but differs in all details of structure of both 
the basistyle and dististyles. 


GENERAL CATALOGUE OF THE HEMIPTERA, FASCICLE V, POLYCTEN- 
IDAE, by Rosert LESLIE USINGER. 18 pages, 1946. Published by Smith 
College, Northampton, Mass. Price 60 cents. 

In this fascicle of the Catalogue of the Hemiptera Dr. Usinger treats the 
curious little ectoparasitic bugs whose hosts are bats. His prefatory statement 
that less than one hundred specimens have been accumulated in the insect collec- 
tions of the world suggests that the catalogue will be of limited use. It should, 
however, be stimulating to insect collectors. The next bat that makes its home 
under the reviewer’s back porch is likely to be a martyr to science, even though 
the host relationships and geographic distribution recorded ed Dr. Usinger lay 
heavy odds against its providing any parasitic bugs.—A. W 











Annals Entomological Society of America [|Vol. XL, 


BOOK NOTICE 


FLEAS OF WESTERN NORTH AMERICA, by CLARENCE ANDRESEN HUBBARD. 
aoe pages. The Iowa State College Press, Ames, Iowa. 1947. Price 


Since entomological books very rarely have enough popular appeal to find 
their way into leading magazines, the review of the Fleas of Western North America 
in Time during March, 1947, is a mark of almost unique distinction. The attention 
is well deserved, for the book is an impressive contribution to taxonomy and the 
forty pages of the first part, dealing with historical matters, economic importance 
and methods of collecting and preparing specimens, are exceedingly interesting 
whether one is a specialist on the order or not. 

The area covered by the book is North America west of the 100th meridian 
where, according to the preface, 66 genera and over 230 species and subspecies of 
fleas occur, as compared with 33 genera and 55 species from the eastern part of the 
continent. The occasional outbreaks of bubonic plague in the west and the trans- 
mission of typhus and tularemia by fleas over much wider areas add to the 
importance of the volume beyond its purely taxonomic value. 

The first chapter is a brief history of the study of western fleas with notes on 
the lives of such outstanding pioneers as N. Charles Rothschild and Karl Jordan 
as well as the American specialists. Their publications and interesting items of 
their work are also discussed. Chapter 2 covers the economic relations of fleas in 
the transmission of bubonic plague, typhus, and tularemia and as pests to man 
and domestic animals. The account contains information on the incidence of the 
diseases in North America, on their nature and effects, and on mortality and 
immunization. Chapter 3 on field and laboratory technique is a compact manual 
for the collector. Chapter 4, of two pages, is a description of the anatomy of the 
flea for taxonomic use, illustrated with one plate covering the anatomy and life 
history. This chapter completes part I. 

Part II, Systematic Classification occupies pages 41 to 39%, the greater part 
of the book. The author restricts bibliographic citations as was evidently nec- 
essary to keep the material within reasonable limits. His treatment includes 
excellent figures of anatomical details, brief descriptions, and comprehensive 
records of distribution and host relationships. His own extensive collecting has 
been responsible for many of the data. Biology, economic and medical importance 
and methods of control are also discussed. 

Part III covers the hosts of Western rodent fleas and Lagomorpha fleas and 
their relation to plague, tularemia and murine typhus. The species of fleas 
recorded from each host species are listed and incidence of disease in these hosts 
is discussed. Practical notes on habits and methods of trapping are also included. 

A bibliography of four pages, synonymic, alphabetic and author indices to 
species, and a general index conclude the book. 

For the entomologist who can go into the field with only a net and cyanide 
bottles and means of caring for his specimens the book is a vivid exposition of the 
complexity of collecting parasitic insects. The student of fleas must be primarily 
a collector of mammals and birds with expert knowledge of their classification 
and habits if he is to realize his primary goal of securing adequate numbers of their 
parasites. Dr. Hubbard’s discussion of the hosts reveals an amazing amount of 
detailed knowledge, much of it interesting to any reader whose collecting has 
brought him incidentally into contact with the abundant small mammals of the 
western mountains. For his many thousands of miles of travel on collecting 
expeditions and for his knowledge and skill one can only feel admiration and a 
measure of envy as he reads between the lines of purely factual discussions. 

Our congratulations to Dr. Hubbard on a superb entomological contribution. 


—A. W. L. 





